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Vibrational spectroscopy is one of the most powerful 
techniques for studying the structure of glasses. It is 
particularly useful for probing motion of non-bridging atoms/ions 
or weakly coupled bridging atoms. The vibrational spectra may also 
be compared with calculations based on models to yield more direct 
short range or to some extent intermediate range structural data. 
Ionic conductors in non-crystalline solids are called in 
several ways: glassy or vitreous (v) electrolytes, fast ion 
conducting glasses, superionic conducting glasses, superionic 
glasses and so on. Li , Na , K , Ag , Cu and F~ are the ions 
reported to migrate rapidly in glasses. At present the field of 
glass science is extremely exciting due to the development of 
certain glass systems that exhibit exceptionally high ionic 
conductivity. Such glass systems are superior as cathode materials 
in secondary cells as compared to crystalline materials because of 
their smaller volume change accompanying the intercallation-
deintercallation (discharge-recharge) reaction. 
The host material, pure boron tri oxide, ^2^3' ^^ ^" 
excellant glass former and good insulator. The structure of v-B^Oo 
has been under investigation for a long time. Traditionally, the 
most widely accepted model for the structure of v-BgOg has been a 
random network model of BOg triangles, many of them grouped 
together in threes, in the form of planar hexagonal "boroxol" 
(BgOg) rings 
The Raman spectrum of v-B^Og is characterized by a strong, 
sharp and highly polarized band at 806 cm" . The origin of this 
band has been the subject of extensive investigations which have 
led to its now quite well accepted assignment to the symmetric 
ring breathing vibration of the boroxol ring. Recently vibrational 
motions of v-B^Oo have been investigated theoretically using the 
Bethe-Xattiee approximation to handle an infinite system alonrt 
with that of an isolated boroxol molecule. It has been shown that 
806 cm (A^') mode of the boroxol group remains sharp even when 
an infinite network is formed which confirms that this mode 
involves mainly the breathing motion of oxygen atom inside the 
ring while boroxol-boroxol coupling on network formation involves 
mainly the motion of the boron atoms and the external (bridging) 
oxygen atoms. 
Raman measurements on binary lithium borate glasses in the 
system xLi20. (l-x)B202 for various values of x (0 ,10:^ x:50 . 50) in 
the temperature range 25-400 C, are presented in Chapter-Ill. Upon 
addition of Li^O to v-BpO„, the covalent network of amorphous 
boron oxide undergoes significant changes, resulting in the 
creation of anionic sites that accomodate the modifying lithium 
ions. The experimental evidence for such a process is the 
appearance of a Raman band at 770 cm together with the decrease 
in the intensity of the 806 cm" band. The increase in the 
intensity of the 770 cm Raman band with Li^O concentration 
Z 
confirmB the network modifying nature of the Li20. The band at 806 
cm~^ totally disappears at x=0.20 concentration of Li20. This is 
interpreted as the formation of BO. tetrahedrals. The other Raman 
bandB also show marked changes in their positions and intensities 
with the increase of concentration of Li^O in v-B„Og. The analysis 
of the spectra at different glass compositions shows the 
progressive formation of penta-, tetra-, di-, ring type meta-, 
pyro- and orthoborate units along with the destruction of some of 
these units. We compare our results with those obtained from the 
analogous crystalline compounds and discuss them in terms of 
current knowledge of the structure of borate glasses. 
The low frequency part of the Raman spectra of borate 
glasses is dominated by the so called "boson" peak, which results 
from the competition between the decreasing density of vibrational 
states and the incresing thermal population that occurs as the 
vibrational frequency decreaseo tovfards zero. Furthermore, the 
density of states g(w) is weigted by the coupling coefficient C, 
that describes the Raman scattering efficiency. The elastic 
continuum model of Martin and Brenig gives an expression for the 
frequency dependent coupling coefficient C(w) that is relevant for 
the low lying vibrational modes corresponding mainly to acoustic 
phonons. Originally, the exprgssions were established for the 
backscattering geometry, but they have been adapted to right angle 
scattering geometry by Nemanich and take on the form for the VH 
geometry 
3 
+ 2 exp{-(2iTCco)2/v^ }^CT2] 
In this expression, Cy„ designates the coupling coefficient for 
the Raman spectra in the VH configuration, A is a constant that 
contains the fluctuations of the photoelastic and elastic 
constants, and v^ & v^ are the velocities of the longitudinal and 
transverse acoustic waves, respectively. The short correlation 
range (SCR) is defined by 2a; it represents the extent of short 
range ordering where a phonon can propagate with no damping. 
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Since the function w exp{-(2ncco) /v. }a has a maximum at 
<o=v./2iTccr, the intensity is dominated by the contribution from the 
transverse acoustic modes. Here w is the frequency of the boson 
peak. Thus the SCR can be estimated simply from the relation: 
2o- = v./iTcw 
The short range ordering in lithium borate glasses does not 
exceed the dimensions of one six membered boroxol ring. Actually 
the low frequency part of the Raman spectrum of borate glasses is 
influenced by two factors: 
(1) the velocity of transverse and longitudinal acoustic waves; 
(2) the short correlation range. 
In lithium borate glasses, the velocity of the transverse 
acoustic wave <v.) increases significantly with increasing Li^O 
content. The increase in v. with concentration leads to a shift of 
the boson peak towards higher frequencies. The second parameter 
determining the position of the low frequency peak is the 
structural correlation range. The formation of BO^ units which 
results from the addition of Li20 to v-B20g, frustrates the 
preferential ordering of the BO3 triangles and therefore reduces 
the SCR to ..4,2A (at x=0.50) in lithium borate glasses. The low 
frequency peak consequently shifts towards higher wavenumbers. 
A marked change in the frequency and peak width of the 770 
cm" Raman band has been observed as the temperature of the glass 
sample is increased. Disorder and thermal expansion of the glass 
are responsible for the increase of band width and shift of the 
770 cm Raman band towards lower wavenumbers with increasing 
temperature of the glass samples. The boson peak also shows a 
shift towards lower wavenumber with increasing temperature of the 
glass samples and near to the glass transition temperature (T ), a 
sudden drop in the frequency of the boson peak occurs. 
In chapter - IV, we undertake a comparative study of the 
Raman spectra of alkali borate glasses in the system 
XM2O.(l-x)B202 (M = Li, Na, K) in order to explore the effect of 
mass of particular alkali metal employed in the production of the 
specific boron-oxygen units at the various concentration of the 
metal oxide in the borate glass and thus the specific glass 
structure. This study demonstrates that the process of 
transformation of boron atoms from 3 to 4 coordination depends on 
the specific alkali cation. The formation rate of three 
dimensional BO. units decreases as the mass of the alkali ion is 
increased. The heavy cations are not easily accomodated in the 
network interstices and favour the formation of non-bridging 
oxygen. In case of small Li ions, a stronger network structure is 
formed due to the formation of BO. units attached to a fairly 
large borate cyclic rings and this becomes less effective as the 
mass of the cation is increased due to the formation of 
non-bridging oxygens 
There are two chemical processes under which the alkali ions 
are utilized in the glasses. The first process that takes place at 
low concentration of M2O is the formation of four coordinated 
borons which are BO^" units in which an electron from the alkali 
is used by the boron to form the fourth B-0 bond, and the positive 
alkali ion (R ) is adjacent to the B0.~ units to provide local 
charge neutrality. This process can be represented as: 
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The second process is the formation of a non-bridging oxygen 
(0 ) which helps in the placement of the alkali ion adjacent to 
it. We can write the second equilibrium to account for this 
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The position of Raman band around 770 cm~^ is different for 
different alkali ions employed. This effect has been explained by 
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means of a simple model, consisting of two weakly coupled harmonic 
oscillators. One harmonic oscillator represents the vibrating 
borate ring (boroxol ring containing one or two BO^ units) with an 
eigen frequency w and effective mass M^ (i.e. the mass of an 
oxygen atom). This oscillator is weakly coupled to a second 
oscillator which represents the alkali ion with an eigen frequency 
co^  and effective mass M ( i.e. the mass of an alkali atom). Using 
this simple model, the frequency of the band around 770 cm" for 
lithium-, sodium- and potassium borate glasses has been explained 
theoretically. 
The low frequency part of the alkali borate glasses has the 
characteristic which is different for different alkali cations 
considered. The short correlation range (2tr) for lithium borate 
glasses has been calculated to be less than the dimensions of one 
six membered boroxol ring. As the mass of the cation is increased 
the 2a also increases and approaches the value which exceed the 
dimension of one six meembered ring. This feature indicates that 
disorder is more pronounced for the lighter cation and decreases 
with the increase of cation mass. 
The network dynamical method introduced by Sen and Thorpe 
considers only nearest neighbour central forces in the continuous 
random network under consideration. The other forces, for example, 
long-range. Coulomb and angle bending forces, are much smaller in 
many cases. Thorpe and Galeener have put the central force model 
of Sen and Thorpe in a more general framework using the Lagrangian 
formulation. With this extension, the vibrational spectrum of any 
covalently bonded network within the nearest neighbour central 
force approximation can be discussed. 
It has been found that the addition of alkali oxide to 
v-B^O„ is accompained by the appearance of groups containing 
fourfold coordinated borons. In addition, the concentration of 
these structures increases with the concentration of modifier M2O, 
upto a critical value. With this in mind, a network containing 
both threefold and fourfold coordinated borons has been 
considered. Using the results of network dynamics method, the 
equation that determines the allowed central force frequency bands 
as a function of the force constant a and P, the masses, and the 
bridging angle B can be determined. The central force eigen 
frequencies of the network is found to be 
12(Pj^-ma'w^) (a^-3moo^/4) = (ot'^)^ 
where a', a and p. are force constants given by the expression 
a' = M6o2o(Pcose/(Ma)2)^ -(cx+p)Mco^ +o(Psin^ e» 
a^ = a + a^(Mco^-Psin^0)/(Mw^)^-(a+P)Ma>^+otPsin^0 
p^ = p + P^ <Mco^ -o(sin^ e)/<Mw^ )^ -(o(+p)Mco^ +o<Psin^ 0 
and a'=(l-cos©)~''' 
The equation for the allowed central force frequency bands 
has been computed using the computer programme. It has been found 
that the glass composition 0.20Li20.0.80B20g, has the best fit to 
the experimentally obtained band frequencies for the ratio 
p/c<=0,8. These results are presented in Chapter-V. 
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The glass transition temperature, T , and the fraction of 
the boron atoms in fourfold coordination, N^, have also been 
presented in Chapter-V. The interactions between the cations and 
the corresponding networks in alkali borate glasses have been 
evaluated from the measured far-IR spectra and are expressed in 
terms of an effective cation network force constants. It has been 
shown that T depends linearly on the effective force constant, 
while a similar behaviour was exhibited by N.. 
The structural model for the binary cadmium borate glasses 
in the system xCdO. (l-x)B203 for 0.20:^ x:^ 0.80 has been presented in 
Chapter-VI. The effect of the addition of cadmium oxide to v-B^Oo 
is quite different from that of the alkali and alkaline earth 
borate glasses. In cadmium borate glasses, the band at 806 cm 
which is due to the boroxol ring can be seen upto x=0.50 
concentration of cadmium oxide, while in alkali and alkaline earth 
borate glasses this disappears for x^0.30. This feature 
distinguishes the cadmium borate glass from that of the alkali and 
alkaline earth borate glass. 
The addition of cadmium oxide to v-B^O„ shows the 
progressive formation of tetra-, ortho-, meta-, pyro- and diborate 
groups along with the destruction of some of these units. The 
cadmium ions does not break the network of boroxol ring 
significantly and consequently the process of transformation of 
trigonal to the tetra coordination persists even upto x=0.70 
concentration of CdO in cadmium borate glasses. The cadmium ions 
9 
pref^ erably enhance the formation of non-bridging oxygens. At the 
higher concentration (x=0.80) of cadmium oxide, the network is 
3_ 
broken up into smaller isolated orthoborate (BO^ ) units and Cd 
ions interact with the non-bridged oxygens to form the linear 
polyhedron. 
Addition of metallic oxide has been reported to increase the 
conduction in glasses. Ionic conductivity can be simply given by 
the relation ir=NeZii, where N is the density of mobile ions with 
charge eZ, and t* is the mobility of ions. Hence any variation in 
the conductivity of cadmium borate glasses must be attributed to 
the variation of density of mobile ions and their mobility, which 
in turn is related to the struct.ural change in the B-0 network 
with the rise of concentration of cadmium oxide content in v-B^O„ 
matrix. From the structural study of cadmium borate glasses, it 
can be expected that N and M will rise in the compositional range 
0.20:^ x^ 0.70 and thereby result in the increase of conductivity. 
Further addition of CdO is expected to decrease the ionic 
conductivity. 
There are two possible ways in which Cd ions dissolve in the 
glass melt. It may dissole 
<1) as a network modifier in which cadmium ion occupies a site the 
geometry of which is different for different glass compositions. 
In this case, the change from large network chain to smaller units 
takes place which provide space for cadmium ion motion to increase 
together with the increase in mobile ion density. Probably this 
10 
increases the ionic conductivity in the cadmium borate glasses in 
the compositional range 0 .20:^ x:£0 .70 . 
(2) as a quasi-molecular complex in which the cadmium ions are 
coordinated by non-bridging oxygens resulting in the linked 
polyhedron and local rearrangement of the glass structure. This 
phenomena takes place for x=0.80 concentration of CdO in v-B-Og 
and is expected to decrease the conductivity of the glass. 
Low frequency "boson peak" does not show any change in its 
peak position in the compositional range 0,20^x:S0.80. It has been 
conjectured therefore, that the velocity of transverse acoustic 
wave (v.) and the short correlation range in cadmium borate 
glasses will not change appreciably. 
Raman scattering technique has also been used to investigate 
the structural changes in cadmium borate glasses as a function of 
temperature. The results are presented in Chapter-VI. As the 
temperature of the glass sample is increased above the room 
temperature, the network of boroxol ring is broken into randomly 
connected BO^ and BO. units. This behaviour of cadmium borate 
glass with the rise of temperature differs from that obtained from 
the previous studies on alkali borate glasses at higher 
temperatures. At x=0.80 concentration of v-B^Og, the cadmium ions 
takes part in the formation of linear polyhedron chain which is 
very sensitive to the temperature and thus the total disappearance 
of the Raman bands has been observed in the region 300-1600 cm" 
as the temperature is raised to 400 C. 
11 
A comparative study of the Raman spectra of binary cadmium 
and zinc borate glasses has also been undertaken and discussed in 
Chapter-VI, in order to explore the effect of the mass of the 
particular cation employed in the production of the specific 
boron-oxygen units at the various conoentrationa of the metal 
oxide in the borate glass. The structure of zinc borate glasses is 
similar to that of the cadmium borate glasses. However, the 
careful examination of the two spectra reveals that similar to 
alkali borate glasses, mass of pation plays an important role in 
determining the B-0 network in these glass systems. The Zn being 
lighter in mass prefer the more favourable formation of BO. 
tetrahedrals in comparison to heavier Cd . However, the formation 
of non-bridging oxygen is more enhanced in the cadmium borate 
glasses than the zinc borate glasses. The analysis of the low 
frequency Raman spectra also confirms the result that disorder is 
more pronounced in zinc borate glasses and decreases for cadmium 
borate glasses. 
Concentration dependence of Raman scattering in silver 
borate glasses in the system xAg20.(l-x)B202 for different values 
of X (0.10^x:S0.40) have been discussed in Chapter-VII. The 
analysis of the spectra indicates that these glasses are built up 
of triangular and tetrahedral distorted BO^ and BO, units. These 
units are connected by bridging oxygen atom. The coordination 
change of the boron atom from three (typical of the pure B^0„) to 
four is due to the addition of Ag20, which acts as a network 
12 
modifier. The formation rate of the tetrahedral BO^ groups follows 
the x/(l-x) law, x being the concentration of AggO; upto x=0.25 
concentration, a corresponding increase of the network coherence 
degree that defines the network connectivity is observed. For the 
higher content of Ag^O, x>0.25, an additional mechanism of 
non-bridging oxygen formation starts. This mechanism decreases the 
network coherence. 
Raman scattering study of ternary silver borate glass system 
of composition 0.20AgCl.0.80(0.20Ag20•0•8OB2O3) has also been 
carried out to explore the effect of addition of AgCl in the 
network of binary silver borate glass system of composition 
0.20Ag20.0.80B20g. Addition of AgCl results in the destruction of 
boroxol rings containing one or two BO. tetrahedra, together with 
the formation of small, highly charged units such as free BO., 
BOg' etc. 
13 
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1.1 GENERAL: At present there is a tremendous amount of activity 
and excitement in the study of glass science. A large number of 
researchers, from non-glass science backgrounds - polymer science, 
material science, chemical engineering, chemistry and physics 
are bringing new approaches and insights into the field. The glass 
Boience, oan be considered to have had its formal beginning in the 
1920's or early 30's with three very popular research topics: 
[l]Strength - Griffith^ (1920) etc. 
[2]Structure - Lebedev (1921), Zachariasen (1932), Warren"* 
(1933), etc. 
[3]Relaxation - Adams and Williamson (1920), Tool (1920), etc. 
The problems related to structure and relaxation have been 
studied with varying intensity for many years, and have been 
studied both because of scientific curiosity and technological 
importance. The question of whether or not there is a geometric 
arrangement necessary for glass formation has been controversial 
3 7 
since the early papers of Zachariasen and Hagg . Questions not 
only of local geometry, but also of the degree of uniformity or 
randomness of this geometry have been asked since the work of 
2 4 8 
Lebedev , Warren and Valenkov & Porai-koshits . 
The X-ray investigation of B^O^ glass structure in 1953 by 
g 
Berger led to a "period of erroneous belief - that boron may be 
tetrahedrally coordinated in various forms of ^2^2 ' ^^^ ^^^ 
CHAPTER-I 
Still used by Krogh-Moe"'--'- in his 1962 model of "variable 
coordination of boron". Most attempts to describe the structure of 
vitreous B„0„ have used 3-coordinated borons as their basis. 
Warren'* showed that the X-ray spectrum of B2O3 glass could be 
interpreted in terms of BO^ triangles, but Krogh-Moe suggested 
12 13 
(based on Raman spectra of Kujumzelis and Goubeau & Keller ) 
that boroxol rings rather than random BOg triangles were the most 
probable structural units in glassy ^2^8" This BOg 
triangle-boroxol ring controversy continued until the X-ray study 
14 
of Mozzi & Warren in 1970 stimulated renewed interest. Clever 
15-19 
and original work, both experimental and theoretical , seems 
to have shown rather convincingly that the structure consists 
roughly of 2/3 of the boron atoms in boroxol rings and 1/3 in BOg 
triangles. On the other hand, the age-old question of degree of 
randomness, or that of intermediate range structure is as yet 
unsettled. 
It has generally been appreciated for a very long time that 
the glass transition as observed is a kinetic phenomenon. During 
the 19^0's, many papers appeared dealing with structural changes 
occuring in the glass transition region. Since that early work, 
there have been a very large number of studies dealing with 
ralaxations of the "T_" - variety, as well as other "secondary" 
g 
relaxations. Phenomenologically, the understanding of this aspect 
of the glass science has progressed continuously from the work of 
20 21 22 
Tool , Ritland and Moynihan . More recently there has been a 
CHAPTER-I 
tremendous renewal of interest in the relaxation process in 
amorphous materials which may be gauged by the fact that the 1977 
nobel prize in Physics was awarded in part for work in "disordered 
systems". 
Raman scattering is a powerful technique for studying the 
structure of glass which has been extensively utilized during the 
last twenty years. Although it does not usually provide direct 
structural information, it can be a very useful tool for providing 
information about the terminal or weakly coupled atoms or groups 
in terms of short range order. Moreover, results of the Raman 
spectra may be compared with calculations based on models to yield 
more direct short range or, to some extent, intermediate range 
structural data. 
1.2 WHAT IS A GLASS? 
A glass is the result of a phase transformation in which the 
nucleation and growth of crystals has been suppressed, i.e. the 
time allowed for crystallization has been less than the time 
required by the kinetic factors of atomic rearrangement. These 
kinetic factors are temperature dependent, and a devitrification 
temperature is loosely defined as the temperature below which the 
crystallization time becomes practically infinite. If the glass is 
formed by cooling of a liquid or a vapour, a fast quenching is 
sometimes required to minimize the time at which the glass is 
below the melting point but above the devitrification temperature. 
3 
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It is also possible to produce a glass directly below its 
devitrification temperature, e.g. by solvent removal, gel 
desolvation or irradiation. 
Traditionally, however, glasses have been made without 
resorting to fast quenching or other special methods by normal 
cooling of a melt containing a large amount of a network former 
e.g. SiO^. This produces a high viscosity just above the melting 
point, by virtue of forming polymeric chains and cross links, and 
thus slows down the kinetics of crystallization. 
In order to widen the range of properties associated with 
amorphous materials, modern glass research has used a variety of 
network formers related to SiO^ by substitution of Si by other 
group Illb, IVb and Vb elements, and 0 by (mainly) group VIb 
elements. Such substitutions are useful in changing the 
viscosity/temperature relations (e.g. the mechanical properties of 
Si02 are reflected at lower temperatures by B„0„ or PpOc) as well 
as the Lewis acid strength, which determines the effect of a 
network modifier. 
If a glass selectively absorbs or scatters light in the 
visible part of the spectrum, the light will not be transmitted 
equally at all frequencies and the glass will appear colored. The 
impression of color is a subjective sensation, depending partly on 
the spectral sensitivity of the eye and partly on the nature of 
the incident light. 
I^n common glasses, absorption in the visible is principally 
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due to ions of the transition elements characterized by incomplete 
3d levels, particularly V, Cr, Mn, Fe, Co, Ni, Cu and , to a 
lesser degree, rare earths having incomplete 4f shells, or to 
color centers. The prolonged exposure of glass to solar UV 
radiation produces a coloring due to valence changes of certain 
ion or combinations of ions; this is the solarization 
phenomenon. 
Glasses can be host materials for lasers and are widely used 
for this purpose. The most important material is the Ytterium 
3+ Alluminium Garnet (YAG) doped with Nd ion which is a four level 
lasing system operating with good efficiency at ambient 
3+ temperatures. Erbium, Er , a three level system, is also 
interesting, the emission at 1.54 pm being less dangerous to 
3+ 
eyesight. These glasses are doped with ytterbium, Yb which 
sensitizes the Er flouresence by transferring the absorbed energy 
3+ to it. Although Nd can be used in a variety of host glasses, the 
durability and ease of fabrication favour alkali metal and 
alkaline earth silicates. 
Compared to crystals, glasses are less limited in size and 
can be made in large isotropic and homogeneous volumes with good 
optical quality in which the temperature coefficient of the 
refractive index can be adjusted by variation of the composition. 
Their thermal conductivities are probably not as good, which 
imposes limitations on continuous or high flash frequency use. The 
main difference between glass lasers and crystals is that the 
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glass structure implies a variable environment for the active 
3+ ions. From the shape of the spectra, it was determined that Yb 
is in coordination 6 in a distorted octahedral site. As a 
consequence, flourescent lines *are broadened: for example if the 
width of the Nd^ "^  emission in YAG is lOA, it will be about 300A in 
a glass. 
The application of glass lasers range from industry, where 
energies of several hundred joules can be produced, to the 
determination of distances (telemetry), e.g. the height of clouds, 
as well as to control thermonuclear fusion. 
1.2.1 GLASS TRANSITION PHENOMENA 
A glass transition is normally manifested by a marked change 
in viscosity, specific heat and thermal expansion coefficient 
within a narrow temperature interval. The glass transition 
temperature is defined by the temperature at which the viscosity 
13 
of the material becomes very high (>10 P). The glassy state is 
considered to be an extension of the liquid state and is regarded 
as a disordered solid. It is important to mention here that high 
temperature side of the glass transition is nothing else than the 
liquid state. The transition between liquid to glassy state may be 
a thermodynamic phase transition, or a phase transition that is 
influenced by kinetic effects. Although different models may exist 
23 in the literature , we shall consider here only the lattice model 
of Goldstein and Gibbs & Di-Marzio . 
The Gibbs-DiMarzio theory predicts the formation of glass 
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forming linear polymer chains consisting of backbone units. 
Rotation around each backbone unit is hindered and this gives rise 
to potential wells in rotational space separated by different 
barrier heights. The bond spends almost all of its time librating 
around the maximum of one or another of the potential wells. A 
configurational state is assigned to describe the state of the 
whole system and it is assumed that below T , the whole system is 
frozen into one configurational state i.e., in one such maximum. 
Above T , the liquid state explores the possibility of settling 
into higher configurational states. Each configurational state is 
associated with a set of vibrational and librational states which 
23 
are considered to be internal modes of the system. Goldstein 
used a different kind of molecular mechanism which is based on the 
following assumptions: 
[1] The heights of the potential minima associated with different 
configurational states are sufficiently close to each other, and 
at a temperature near T , the system remains trapped in one of the 
minima; 
[2] The lattice vibrational properties are characterized by a 
Debye characteristic frequency, which is a function of 
temperature; 
[3] The lattice vibrational frequencies could change at higher 
temperatures because the potential minima associated with 




[4] A change in anharmonicity occurs at high temperatures with 
changing structural states. 
1.3 FAST ION CONDUCTING IFICl GLASSES 
More than sixteen years have passed since glassy 
electrolytes with high ionic conductivities were found accidently 
25 by Kunze in 1973. During these years, the ionic species showing 
high ionic conductivities increased in numbers; at the begining 
+ + + + + 
Ag ion was the only one investigated, and now Li , Na , K , Cu 
and F are known to show high conductivities in glass. Such a 
range of conducting species is of course one of the promising 
features in solid state ionics. Electrons and holes, however, are 
the only possible charge carriers in the electronic conductors and 
the control of the conduction in such systems is an important 
subject which is not being discussed in the present presentation. 
Even in glassy electronic conductors, the control of the 
conduction type has been made possible and the formation of p-n 
OR 
Junction between the glasses was reported 
In the field of ionic conductors, the glass has several 
27 
advantages in comparison with the crystals such as higher 
conductivity, isotropic properties, no grain boundaries, ease of 
shaping into various forms, ease of thin film formation, wide 
selection of glass forming systems, and wide range of control of 
properties with changing chemical composition. 
Non-crystalline solids are called in several different ways: 
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glassy or vitreous electrolytes, fast ion conducing glasses, 
superionic conducting glasses and so on. The term "superionic 
conducting glasses" was used for the first time in 1977 
1.4 CHARACTERIZATION OF GLASS-STRUCTURE 
Information on the structure of glass is obtained by two 
complementary methods: 
[1] The order over a short distance is determined by means of a 
correlation function such as a radial distribution function. All 
the diffraction methods (X-ray, electron beams and more recently 
neutron beams) belong to this category. The result is a one 
dimensional correlation function and is unable to define a three 
dimensional disordered structure. 
[2] On the other hand, the symmetries of the different atomic 
sites of the glass structural units can be probed with the help of 
the spectroscopic methods (NMR, EPR, infrared and Raman) which 
belong to the other category. 
1.5 RAMAN SPECTROSCOPY AS A PROBE OF GLASS STRUCTURE 
In order to elucidate the structure of amorphous solids 
using vibrational spectroscopy, it is necessary to develop a 
suitable language for the description of a structure, and a basic 
theory for relating observed vibrational frequencies and selection 
rules to elements of that structure. Advances have been slow in 
coming, owing to the apparent lack of simplifying symmetries such 
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as those that have been exploited for understanding molecules and 
crystals. In this section we will describe the ranges of order and 
the theory of Raman scattering as applied to the disorderd 
systems. 
1.5.1 RANGES OF ORDER IN AMORPHOUS SOLIDS: 
There are four ranges of order in an amorphous solid: short, 
intermediate, long and global. These ranges are used to catalog 
all of the ranges of order in the Zachariasen - Warren (Z-W) 
continous random network model of amorphous Si02, and are also 
recommended to catalog the ranges of order in any other 
homogeneous or heterogeneous model for glass systems. The Z-W 
3 29 
model is defined by the papers of Zachriasen , Warren et al , 
30 31 
Warren and Mozzi & Warren , although its overall features have 
32-35 been described in numerous textbooks and articles. 
1.5.1.1 SHORT RANGE ORDER: Short range order (SRO) describes the 
nearest neighbour (NN) bonding environment of each atomic species. 
It involves bond type, distances, and angles; the dimension of 
which is about twice the typical HN distance, and therefore lies 
in the range 3-5A for most materials. It is usually well 
determined from the radial distribution functions (rdf) obtained 
from X-ray or neutron diffraction studies. 
1.5.1.3 INTERMEDIATE RANGE ORDER: Intermediate range order (IRO) 
involves the dimensions over several NN distances. Most 
fundamentally, it recognizes the distributions of the sizes of 
completed rings of bonds and other properties of network 
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connectivity. There can be narrow distribution of dihedral ' 
angles and strong correlation among dihedral angles if there are 
39 
regular structures such as rings or microcrystals embedded in 
the amorphous solid. 
40 The IRO model for B^O^ glass is based on regular planar 
"boroxol" rings within which the dihedral angles of the BOg units 
on either side of an 0 atom are equal and thus completely 
correlated. On the other hand the dihedral angles of BOg units on 
either side of an 0 atom bridging between two boroxol rings are 
not equal, are much less correlated and are successfully assumed 
41 to be random and independent 
Similarly, the assumption of random dihedral angles used in 
3 29-35 the Zachriasen - Warren model ' for amorphous SiO„ is also a 
specification of an element of IRO. 
SRO and IRO will specify the relative atomic positions over 
a volume, the dimension of which is several nearest neighbour 
distances, and is therefore in the range 5-lOA, or larger. 
1.5.1.3 lONG RANGE ORDER: At longer distances, we must consider 
the possibility of crystal-like arrangements of atoms which will 
be called to possess long range order (LRO). There are two kinds 
of order on this scale of distances, namely crystalline LRO and 
non-crystalline LRO. 
(a) Crystalline_long_range_order: Crystalline LRO recgnizes the 
possibility of periodic repetition of an IRO over several repeat 
lengths, and thus accounts for the possible existence of 
J 1 
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1 J 8,42,43 T4-„ 
microcrystals in the structure of amorphous solids . Its 
existence shows up clearly as sharp features in a diffraction 
pattern. 
Roughly speaking, microcrystallinity over dimensions of lOA 
or more will be revealed in diffraction features that are sharper 
than those seen in glasses which are not microcrystalline. 
Clearly, microcrystalline LRO specifies SRO, IRO and other 
elements of structure - over the range of the particle size, 
(b) Non-Crystalline_long_range_order: This category is useful to 
catalog the structure which is not periodic in the way just 
discussed but which still contains ordering defined over the same 
length scale, i.e. on a scale longer than the minimum dimension 
d, DQ• There are presumably a great many ways that one could have 
order on this scale and many of them would be difficult to define. 
Therefore we mention only two classes which are relatively easy to 
describe. 
[i] Strained microcrystal order: One can imagine microcrystals 
which are so heavily strained throughout that they do not reveal 
their presence by the sharpness of their diffraction lines . It 
has been proposed that vitreous SiO„ consist of heavily strained 
microcrystals joined at their surfaces by an even more disordered 
form of Si02. Although not translationally or rotationally 
periodic, such structures are viewed by Philips as "crystalline" 
in that they have exactly the same topology (or connectivity 
matrix) as one or the other crystalline form of SiO„. This means 
12 
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that they have the same shortest path ring statistics as .the 
43 45 
appropriate crystalline form ' 
[ii] Morphological long range order: This category of LRO includes 
extended voids, channels, spherulites, amorphous microphases, 
island structures in their films, hillocks, and other microscopic 
growth induced structures. There are identifiable non-crystalline 
elements of structure which are often called "extended" and are 
certainly not "point" in their nature. Neverthless, they are 
usually seen only with the microscope and do not extend over the 
entire sample and this raises the need for a fourth range of order. 
1.5.1.4 GLOBAL RANGE ORDER: Global range order (GRO) accounts for 
structural order which exists • or is defined over microscopic 
sample distance, often the entire sample. Specific examples are 
perfect crystallinity, macroscopic isotropy ( often attributed to 
glass), network connectivity, chemical order, chemical or 
structural homogeneity and heterogeneity. Idealized models are 
often assigned aspects of order on the global range for conceptual 
or mathematical simplicity. These global aspects of order may not 
be realized. 
l.S. 2 RAMAN SCATTERING IN DISORDERED MEDIA 
In a disordered system of amorphous materials, a phonon-like 
excitaion (as in crystalline substances) can be defined using 
forces and momenta as the system coodinates and that such a 
concept is useful when structural relaxation times are relatively 
long, just as in moderately viscous liquids and glasses. The 
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existence of vibrational quantum states for glassy solids is, of 
course, required by their crystal like behaviour of the heat 
capacity at low temperatures. In the long wavelength limit, 
glasses like crystals, behave as elastic continua and well defined 
frequency (w), wave vector (q) relations exist for both 
longitudinal and tansverse waves. 
The lack of periodic symmetry, characteristic of all 
glasses, will result in a broadening of the dispersion co(q) curves 
with increasing phonon life times. "Phonons" are well defined in 
amorphous solids; however, only a qualitative diffrence in its 
behaviour with that of the crystal exists that vitreous phonons 
46 do not possess a well defined K-vector. Shuker and Gammon 
described Raman scattering of vitreous solids in terms of 
dielectric correlation theory and showed that there is a breakdown 
in the Raman K = 0 selection rule and therefore essentially all 
modes of vibrations are allowed. 
In general, the scattering cross-section is proportional to 
the space-time correlation function, G(r,t), which describes the 
correlation between the presence of a particle in position r'+r 
and time t'+t and the presence of a particle in position r' and 
time t', averaged over r'. In light scattering, the variation in 
the local optical dielectric tensor ^a.n^^'^^ °^ ^^^ medium is 
taken into consideration. Here the scattering cross sections for 
all possible experiments are proportional to the linear 
combirtations of the space-time Fourier components of the 
!4 
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correlation functions of the dielectric fluctuations i.e., 
^oi{i,rG^'''^^ = "^^^ap^""''^'^ A£^^(r' + r,t' + t)> (1.1) 
Expanding the dielectric tensor to first order in atomic 
displacements and expressing the displacements in terms of normal 
coordinates Q.(t) for the j mode, we have 
A^^p<r,t) =jlj^^^p(r)/^j) Q^(t) (1.2) 
Substituting eqn.(1.2) in eqn.(l.l), one finds 
^ap,^fi^^'t> = ? ^<.p,r6^'^'^^ <Q.(t')Q.(t' + t)> (1.3) 
where 
is the spatial correlation function and 
<Q.(t')Q.(t' + t)> =h/2a> {nC<o.]exp(icot)+[l+n((o. )]exp(-iw.t)} 
(1.5) 
Here, n(co. ) = [exp( hw./KT)-l] is the Bose-Einstein population 
factor. The equn.(1.5) is the time correlation function of the 
dielectric fluctuations. Eqns.(1. 3-1.5 ) are quite general. It 
applies to any vibrational Raman scattering from solids whether 
crystalline or amorphous. The spatial correlation function R(r,j) 
of the dielectric fluctuations essentially reflects just the 
spatial correlations of the atomic displacements of the normal 
modes. Hence the correlation range R(r,j) will be that of the mode 
For a crystal, the function R(r,j) would have a sinusoidal 
dependence on r with wavelength, X. = 2rr/q.. The light scattering 
spectrum can only show frequencies w. for which the mode j has a 
15 
CHAPTER-I 
wave-vector q. equal to the scattering vector q. This is the usual 
"momentum selection rule" for crystals which gives rise to the 
discrete set of lines seen in the spectra. In amorphous materials, 
translational symmetry is lost causing the correlation functions 
to be localized. For the vibrational modes in a glass, it is 
assumed'that (i) the vibrations are harmonic, (ii) the vibrations 
are coupled to the light through the displacement dependence of 
the electronic polarizability of the material and (iii) the 
coherence length of the normal modes is short compared with 
optical wavelengths. 
If it is assumed that the modes have coherence lengths of 
the order of 1/lOth of the optical wavelenths or less, then such 
modes will not be characterized by a single wave-vector and will 
not give a momentum selection rule. This assumption of a short 
range for R(r,j) has the immediate consequence that its Fourier 
transform has a broad flat maximum around q=0 instead of being 
sharply peaked at a particular wave-vector q.. This will be true 
for all 3, so that the modes of the material can give contribution 
to the light scattering spectrum. 
The spatial Fourier transform of the correlation function, 
with range ^. in the limit q^i<<l, has the limiting form 
which is independent of q. Here A(j) measures the strength of the 
dielectric modulation of the mode and ^. is essentially the volume 
of the region of coherence of the mode. With this approximation, 
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the space-time components of the dielectric correlations for light 
scattering wave-vectors become 
Go<p,^fl^^''^) =|/,p^^5(3)^^(h/2-j)[n(<o.)a(a>+co.H[Un(a>.)]a(c.-c.^)] 
(1.7) 
The delta functions d(co+co.) give the anti-stokes components 
(upshifted scattered light) and the delta functions d(a>-co ) give 
the stokes components (downshifted scattered light). The 
expression (1.7) shows that all modes will contribute to the Raman 
spectrum of the amorphous materials but with an unknown weighting 
factor, CA^p^^g(J)^^(h/2co^)]. 
The normal vibrations are expected to fall into broad bands 
having similar microscopic motions, optical coupling and 
correlation ranges etc. corresponding to stretching, bending, out 
of plane bending frequencies. Thus A(j)(^-) can be approximated to 
a constant for all the modes of a given band. Again, the 
frequencies are closely spaced. Thus the descrete sums in equation 
(1.7) can be replaced by the density of states functions for each 
band, where the density of states gives the number of modes per 
unit frequency. With these assumptions, the intensity (I) of the 
stokes components of the Raman spectrum could be represented by 
the expressions 
^aP.rG^"^^ = gCj^ '''^ '^ *^ (l/co) [l+n(co)]g^ (a)) (1.8) 
The sum is over all the bands. The coupling constant C. will 
depend on the band b. The labels a{i,r6 indicate the polarization 
of the incident and the scattered light respectively and gy.^C'*^) is 
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the band density of states. 
1.5.2.1 HIGH FREQUENCY RAMAN SPECTRA: Raman spectra can be 
expected to provide information about the short range structure of 
glasses. This led Shuker and Gammon to conclude that Raman 
scatt^eing in glass is of first order and is closely related to 
the vibrational density of states. The total observed scattering 
intensity, I , (w), of the Stokes component is given by: 
I^ j^ gCo^ ) CE h/2<o [n(w) + 1] ^ j^Cj^ gtj(oi) (1.9) 
where gw(") is the density of states for a vibrational band b; C, 
represents the derived polarizabilty tensor elements which are 
here assumed to be frequency independent for a given band b but 
depends on the band considered, n(co) = [exp(hw/KT)-l] is the 
Bose-Einstein population factor. 
1.5.2.2 LOW FREQUENCY RAMAN SPECTRA: The low frequency part of the 
Raman spectrum of glasses is dominated by the so called "boson" 
peak, which results from the competition between the decreasing 
density of vibrational states and the increasing thermal 
population that occurs as the vibrational frequency decreases 
46 towards zero . Furthermore the density of vibrational states 
g, ((*>) is weigted by the coupling coefficient C, that describes the 
Raman scattering efficiency. The elastic continuum model of Martin 
47 
and Brenig gives expressions for the frequency dependent 
coupling coefficient C(w) that is relevant for the low lying 
vibrational modes corresponding mainly to acoustic phonons. 
The model of Martin-Brenig , applied by Nemanich to some 
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chalcogenide glasses and alloys, attributes this low frequency 
peak in glasses to structural disorder of the amorphous materials. 
The structural disorder affects the Raman coupling coefficient C, 
of equation (1.8). The important consequences of the model is the 
direct relationship between the peak position and the coupling 
coefficient C, which in turn is related to the structural 
b 
correlation range (SCR). The M-B model description is as follows: 
'*For solids having both electrical disorder (the spatial 
fluctuations of the photo-elastic tensor) and mechanical disorder 
(the spatial fluctuations of the strain tensor), the frequency (w) 
dependence of the coupling coefficient C. is expressed by 
C^"'''^^-) -. x2[g^(x)E,'^'^'^%,(x)E^"f''^^] (1.10) 
where the variable x is linear in to, 
X = 2iTc<ocr/v, (1,11) 
V, is the longitudinal sound velocity and 2a is the structural 
correlation range. 
The terms E. and E, respectively contain the transverse and 
longitudinal fluctuations of the elastic and elasto-optic 
constants, weighted by the Gaussian functions g.(x) and g-|(x), 
where 
g-j^ (x) = exp(-x^) (1.12a) 
gt(x) = [v^/v^3^exp{-x^[v^/v^]^} (1.12b) 
Combining these equations, one obtains the co dependence of VH 
scattering configurations as 
Cyj^ (co) = A<J^ [3(v^/v^)^ exp {-(2rTca>)^ /v^ }^ tr^  
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+ 2exp{-(2iTcw)^/v-^^}a^] (1.13) 
and in VV scattering configuration 
C^Y(CO) = ho? [2(Vj^/v^)^ exp {-(2rrco))2/v^ 2jj^ 2 
+ (15V + 2/3) exp{-(2Trcw)Vvj^^)a^] (1.14) 
In these expressions, C„„ and C„y designate the coupling 
coefficients for the polarized Raman spectra in the VH and VV 
configurations; A is a constant that contains the fluctuations of 
the photoelastic and elastic constants; v, and v. are the 
velocities of the longitudinal and transverse acoustic waves 
respectively. The short correlation range (SCR) is defined by 2tr; 
it represents the extent of short range ordering where a phonon 
can propogate with no damping. The quantity V reflects the 
relative mean square spatial fluctuations of the photoelastic and 
elastic constants; it cannot be measured directly, but can be 
determined from the experimentally obtained depolarization ratio, 
which is shown to be 
P{^') = IvH(co)/Iy^ (a>) = [4/3 + (10V/{2/3+g^/g^})] (1.15) 
From eqn.(1.9), it is clear that a knowledge of the vibrational 
density of states g(co) is necessary in order to understand the 
Raman spectra of glasses. In the absence of experimental data 
concerning g(w), and in the limit {2n(n^/v )CT < l where |»=1 or t, 
2 
It can be assumed that g(w) a co , i.e. follows a Debye 
distribution. Hence from eqn.(1.9), the "reduced" Stokes Raman 
intensity Ij^C'*^) is: 
If^ (<^ ) = lQ^g(w)/<^Cn(w) + l] a C(co) (1.16) 
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The curve loC"^ ) is then easily deduced from I^ tis^ '**^  "^^ ^ °^" 
be fitted using eqns.(1.13) and (1.14) by least square refinements 
of the quantities A and cr considered as adjustable parameters. 
Discrepancies are observed between calculated and experimental 
curves at low frequency, due to the presence of light "scattering 
excess" and also above w , the frequency of the "boson" peak 
max 
maximum, because the cond i t i on (2rrcw/v )CT < 1 i s no longer v a l i d . 
1 . 6 A REVIEW ON v-B^O^ 
The host material, pure boron tri oxide, B„0„, is an 
excellent glass former and good insulator. The structure of v-B^Oo 
has been under investigation for a long time. Traditionally the 
most widely accepted model for the structure of v-B„0„ has been a 
random network of corner linked BO., triangles as first suggested 
3 by Zachariasen . The triangular BO^ structural unit was initially 
deduced from the boron-oxygen configuration in various crystalline 
borates, since at the time the structure of crystalline B„0o was 
not known but was later established by the X-ray work of Warren 
29 
and coworkers . Crystalline ^n^^ ^^^ first isolated by Kracek 
49 
et.al. , as a fine powder on dehydration of metaboric acid, and 
this material was the subject of the initial X-ray study by 
g 
Berger . He concluded that the oxygen atoms in B^0„ formed two 
different distorted tetrahedra about the boron atoms with B-0 
distances ranging from 1.31 to 2.14A. 
The crystallisation of ^2^"^ from a dry melt at 1 atm 
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50 pressure could not be observed . Crystallisation does occur, 
however, with the application of pressure. The first crystalline 
polymorph B^O„-I was obtained at pressures greater than 4Kbar and 
o 51 
temperature above ^210 C by Gurr et.al. . The structure of B2O2-I 
using single crystal X-ray diffractometer is illustrated in 
Fig.1.1. 
A second crystalline polymorph B„Og-II is obtained at higher 
o 52 53 pressure (^20Kbar) and temperature in excess of 400 C ' . The 
crystal structure of B„Oo-II comprises a network of corner linked 
BO. tetrahedra. Within each tetrahedron there are three long B-0 
distances, between 1.506 and 1.512A, and one short distance of 
1.373A. The oxygen atoms associated with the long B-0 distances 
are 3-fold coordinated by boron while that associated with the 
short distance is only 2-fold coordinated. 
According to the quasi-crystalline layer model of Borreli 
54 
and Su , v-B20g contains two dimensional ordered regions, the 
structure of which is identical to the crystal representation in 
Fig,1.2. These layers contain 6-membered rings of B0„ triangles 
with a B-O-B angle of 180 , although by appropriate rotations of 
the BOg triangles within the plane, the B-O-B angle is 
continuously variable down to 120**, as indicated in Fig. 1.3. 
A locally layered random network model of v-B„Oo involving 
55 BgOg boroxol units has been suggested by Bell and Carnevale in 
which boroxol rings in adjacent layers overlap but are rotated by 
60 relative to each other. Following the suggestion of Goubesu 
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FIG. 1.1: The crystal structure of B2O3-I. Small open circles B and 
large shaded circles 0. The black circles reperesent 
oxygen atoms in a single ribbon. 
FIG.l.a: Structure of B^Og according to crystalline theory. Full 
circles B and open circles 0. 
FIG.1.3: Quasi-crystalline layer with a B-O-B angle of 120 . Full 
circles B and open circles 0. 
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13 and Keller , boroxol rings [the B^Og units depicted in Fig.1.4a] 
were thought to be the major constitutes of the structure. The 
boroxol group comprises of three membered ring of BO,^  triangles (6 
atoms) which should be planar. The aromatic nature of the ring is 
substantiated by the studies of boroxol and substituted boroxols 
and by molecular orbital calculations ' . In addition, 
Kristaiansen and Krogh-Moe"^ and Brill interpreted the 
vibrational spectrum of amorphous (gl) B7O0' while Walrafen 
R 1 
et.al. interpreted that of the melt, in terms of the boroxol 
R2 
ring as the major structural component. Mozzi and Warren , showed 
that the X-ray radial distribution function (RDF) was well fitted 
by a boroxol based model. 
C O QA 
According to the Krogh-Moe ' model, the structure of 
boron oxide glass consists of a random network of planar B0„ 
triangles, but with a certain fraction of six membered (boroxol) 
rings. Mo2zi and Warren interpret its X-ray correlation 
function, as being consistent with a network dominated by boroxol 
65 groups. Guha and Walrafen postulate that the structure of v-B„0„ 
is comprised of an equal proportion of boroxol rings and B0„ 
triangles, whereas the conclusion of molecular dynamics 
RR R7 
studies ' was that a glass structure consisted of a random 
network of BOo triangles but without boroxol rings. 
On the other hand, crystalline B^Og consists of "condensed 
80^ g chains" (connected BOg triangles)®^ while Elliott^^ 




FIG.1.4: Ca) Interatomic distances within a BgOg boroxol group. 
Cb3 Distances to atoms outside a boroxol group involving 
only the oxygen bond angle P (i.e. distances which are 
fixed for a given value of P). 
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units, the vitreous analog, best fits the RDF. No evidence for 
boroxol rings was deduced in their study. They showed that a 
system of classical particles (B & 0 in the ratio of 2 to 3) 
interacting under spherically symmetric interatomic forces enables 
the B^Oo "glass" being formed theoretically by very rapidly 
cooling the system from a random fluid but it does not envisage 
the presence of boroxol rings. 
Such support for the CRN approach, and espesially its 
utility in the interpretation of vibrational spectra- of other 
70 71 72 
covalently bonded oxide glasses ' led Galeener et.al. to 
employ it to interpret the spectrum of BpO„ (gl) and an attempt 
was made to resolve some of the conflicting structural 
interpretations. The results showed that if random dihedral angles 
between connected BOo units (which share an oxygen) are 
considered, the dominant (806 cm" ) band could not be explained by 
the CRN. Ultimately it was concluded from the narrowness of 
calculated angular distributions and comparing it with the 
spectrum of HgBgOg that boroxol ring structure was indeed present; 
The CRN aspect of the treatment, it was emphasized, is approximate 
and does not include a number of potentially important force field 
elements. 
The vibrational spectra of isotopically substituted atoms in 
B20g(gl) can also provide useful information. In the boroxol ring 
model, the B„Og rings, which are formed through extra annular 
B-O-B bonds to other rings, can execute localized vibrations. 
2B 
<:IIAI'TII;H-I 
Thono are modofl in which momonhum is concorvod without, motions of 
atoms outside the unit. Isotopic splitting or shifting patterns 
for such modes are directly calculable on the basis of the 
dynamics of the unit as a pseduo-molecule. In the CRN model for 
B„0„ (gl), as for all glasses in which all atoms are bound in a 
network such that the only identifiable unit smaller than the 
whole network is that comprising an atom and its nearest 
neighbours, the results of isotopic substitution are different in 
several ways. The most important is that the frequency of the 
collective mode should shift upon partial or complete substitution 
for a given type of atom. Moreover the associated band width 
should not change. 
The fact that the 806 cm band in the Raman spectrum of 
v-B^Oo shifts on oxygen mass change but not on boron mass change, 
1 R 
shows that the mode involves essentially only oxygen motion . The 
•TO 1 p _ 1 
substitution of 0 for 0 causes the 806 cm band to shift by 
-1 -1 
-46 cm to 760 cm . This shift occurs without broadening of the 
band. On the other hand, substitution of B for B causes no 
shift in the 806 cm"-*-. The band at 806 cm""^  in -^ -^ B^ -^ O^o is 
c o 
replaced by-a composite of four band in B, 0„ Oo(gl) [mixed 
oxygen isotopic material]. These features, having the apparent 
intensity ratio 1:3:3:1, appear at 806, 791, 777 and 760 cm"'^  
respectively. Since no boron motion is involved, the mixed boron 
isotope material [ %^ ^^ Og] band remains at 806 cm""^ . On the 
other hand the behaviour of the 1260 cm~ is not characteristic of 
29 
CHAPTER-I 
a localized mode. If it were such a mode, it would split into 
discrete bands or broaden to envelope several shifted but 
overlapped bands. 
73 P.A.V Johnson and coworkers performed neutron diffraction 
study of v-B^Oo in order to ascertain the presence of boroxol 
groups in the network and also to determine the percentage of the 
boroxol groups, rather than the simpler BO^ triangles. They 
concluded that the neutron diffraction results and the X-ray data 
of Mozzi and Warren are consistent with a structure for v-B„Og 
containing a fraction of 0.6±0.2 of the B atoms in boroxol rings. 
The schematic representation of normal modes of six membered 
boroxol ring, within which 60% of the borons in v-B„0„ are 
believed to reside, is shown in Fig. 1.5. The fraction of 0.6±0.2 
of the boron atom in boroxol ring as predicted by Mozzi and 
Warren is in agreement with that of Jellison et.al. who 
estimate it to be around 0.82±0.08. A value of 0.75, which lies 
between the two results quoted, corresponds to a network 
containing an equal number of BgOg boroxol groups and independent 
BOg triangles. The six well defined interatomic distances within a 
BgOg boroxol ring is shown schematically in Fig.1.4a while the 
distances between the atoms outside a boroxol group involving only 
the oxygen bond angle p (B-O-B) is shown in Fig.1.4b. The 
calculated interatomic distances in the boroxol ring model is 
shown in Table-1.1. 
Recently vibrations of v-B^O^ system have been investigated 
3U 
FIG.1.5: Frequencies of totally symmetric modes for six membered 
isolated boroxol ring. Small full circles represent B and 
open circles 0. 
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TABLE - 1.1: Interatomic distances in the boroxol ring model. 





















2 . 3 6 6 
2 . 4 7 6 
2 .732 
3 .614 
4 . 0 9 8 
4 . 7 3 2 
5 .085 
* indicate atoms outside the B^Oo ring 
TABLE - 1.2: Results obtained from nearest neighbour central force 
continous random network analysis. 
-1 -1 -1 -1 
o> (cm ) wy2^ '^'^  ^ <*>2(cm ) t»> (cm ) cA(N/m) Q(deg.) 
552,13 977.23 1305 1534 597.58 121.06 
32 
CHAPTER-I 
theoretically using Bethe lattice approximation to handle an 
74 infinite system along with that oT an isolated boroxol molecule 
They have shown by their explicit calculations that 806 cm (A^') 
mode of the boroxol group remains sharp even when an infinite 
network is formed which confirms that this mode involves only the 
breathing motion of oxygen atom inside the ring while boroxol 
boroxol coupling on network formation involves mainly the motion 
of the boron atoms and the external (bridging) oxygen atoms. 
1.7 APPROXIMATION TO THE Z-W STRUCTURAL MODEL 
Because of the Zachariasen-Warren model being reasonably 
complex and infinite in extent, no calculation for any property 
has yet been carried out usijig the model exactly. All calculations 
have been based on approximations to the Z-W structure itself. Six 
of those approximate forms are: 
75 [1] the isolated molecule model of Lucovsky and Martin ; 
[2] the Bell and Dean (B-D)''^'^^ large cluster model; 
[3] the crystalline model with large (3000 atoms) amorphous unit 
,, 78,79 
cells ; 
[4] the Sen & Thorpe central forces model for vibrations^^'^^'®^; 
op QO 
[5] the oxygen steric hindrance model ' , and 
[8] the Bethe-lattice model^"^'^^. 
These models suffer from several spectral approximations i.e. 
finite size with large number of surface atoms; unrealistic IRO 
with no rings of bonds; missing or unrealistic LRO; 
3 f» 
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unrealistically narrow distribution of r; etc. 
on 
Sen and Thorpe model with some modifications is well 
suited to discuss vibrational spectra of glasses because it yields 
simple expressions that an experimentalist can easily adapt to a 
large variety of real substances. It yields an intuitive picture 
of the structural meaning of spectral features at the expense of 
on 
detail and high accuracy. The original paper of Sen and Thorpe 
treated AX„ tetrahedral glasses such as v-SiO^ in the 
approximation of very simple local order and the central nearest 
neighbour restoring forces. It was generalized to other simple 
Q -1 
cases exhibiting short range order by Thorpe and Galeener , and 
41 to ring containing structures by Gallener and Thorpe . It has 
also been augmented to include the non-central or angle restoring 
or> 
forces . The outline of the stru.ctural model for the particular 
case of V-B2O0 will be discussed in the following sections. 
1.7.1 NEAREST - NEIGHBOUR CENTRAL FORCE CONTINUOUS RANDOM NETWORK 
ANALYSIS 
70 Galeener has shown that the nearest neighbour (NN) central 
80 force network model derived by Sen and Thorpe for the 
tetrahedral glass can be applied with surprising accuracy to the 
interpretation of vibrational spectra of such glasses as v-SiO«, 
R7 
v-Ge02 and v-BeF2. Thorpe and Galeener have extended the NN 
central force calculation to cover several non-tetrahedral 
idealized networks, including one appropriate to trigonal 
pyramidal glasses such as ^ -P^^S ^"^ v-As„0„. As a special case 
34 
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l-hoy tl<irlvo(l \A\n I'o I I ow 1 ii/4 oxpronn i otin I'or I.ho \'<mr hoiul <>rlM«n of 
an i d e a l i z e d A,,X„ p l a n a r L r i a n M l e a : 
o> y- - (ot/m ) (l+cose) (1.17) 
w,^ = (d/m^) (1-COS0) (1.18) 
a>g^  = w^^ + (3o(/2m^ ) (1.19) 
60^ ^ = w^^ + (3o(/2in^ ) (1.20) 
Here w. are angular frequencies (rad/sec), ot is the nearest 
neighbour (A-X) central force constant, and m„ and m. are the 
masses of the X and A atoms. The angle & is the A-X-A angle and 
the X-A-X angle has been taken to be 120 . Thus this model can be 
used to calculate the high frequency vibrational response of the 
BOo triangular model. 
Eqns. (1.17-1.20) can be solved for ex and cos© in terms of 
the experimentally determined values w = w (©) and «^^ = <*>(©). 
Thus 
CK = 1/2 i^^ + "4^ '^"x ^^ "^  3my2m^)~^ (1.21) 
COS0 ^ (C0g2 _ co^ 2^  ^ ^^2 ^ a>^ 2^ -l ^^ ^ 3m^/2m^) (1.22) 
To evaluate these for v-B^ O,,, we use m =15.998 (for oxygen) 
70 
and m.=10.811 (for boron) and following Galeener , we use the 
longitudinal optical (LO) values of co and w as 1305 and 1534 
- 1 4.- -, 
cm respectively. 
All the above equations remain true if we replace ^ by the 
wave number W (cm~ ) of the frequency, m by the atomic weight M of 
the atom and a by 01/0.0593, where a=ot(dyne/cm) = 10 c<(N/m). Results 
obtained from nearest neighbour central force continuous random 
35 
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network analysis are listed in table-1.2. 
Here oo„ and w. are LO values, « and © follows from eqns. 
o 4 
(1,21&1.22), 00 and to are calculated frequencies in cm using 
eqns.(1.17&1.18). It is remarkable that & is deduced to be 121 
(approximately the value it would have in a boroxol ring). 
A portion of infinite network leading to eqns.(1.17-1.20) is 
illustrated schematically in Fig.1.6. Each A atom is at the center 
of an equilateral triangle formed by three X atoms; each X atom 
bridges two A atoms with the same intertriangular angle O. 
Equations (1.17-1.20) are correct in the approximation of NN 
central forces for any distribution of dihedral angles (©) and are 
plotted as the solid lines in Fig.1.7. The dashed lines are a 
schematic representation of the density of vibrational states with 
relative weights given in paranthesis. 
T^he study of Raman spectrum of v-B„0„ (Fig.1.8) reveals that 
neither co nor w^ correspods to a prominent feature. This is to be 
contrasted with the fact that in the tetrahedral glasses and in 
the trigonal glasses, oi always corresponds well to the frequency 
of the dominant Raman peak w It can, therefore, be concluded 
that the nearest neighbour central force model for an idealized 
continuous random network of BO^ triangles is inadequate. 
The quantative discrepancy between co and co can probably be 
reduced by inclusion of structural models in which the dihedral 
angles are not randomly distributed and the boroxol rings provide 
such a structure. The boroxol ring (BoOr.) also provides a 
*J ~J 
FlO. l .Ot Schomniic dinrtrnm of the locn] o rder of an ^7^3 rtlass 
based on AX^ p l ana r 
GD 
FIG. 1.7: Diagram of eqns.(1.17-1.20) showing the dependence of 
bond edges on intertriangular angle O. The dashed lines 
is a schematic representation of the density of the 
density of vibrational states at (9=120 , with relative 















RAMAN SHIFT (cm"M 
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FIG.1.8: Raman spectra of ^-BgOg in the region 100-1600 cm" 
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convenient explanation for the remarkable narrowness of the 
dominant Raman line at 806 om~ . This line has full width at half 
maximum (FWHM) Aw of about 16 cm" . If we assume that eqn. (1.17) 
is approximately correct for treating w we find that the 16 cm 
FWHM implies a 1.6° spread in 9. If the dihedral angles are 
randomly distributed there seems to be no reason for this 
extremely narrow spread in ©. On the other hand planar boroxol 
rings ensure a special distribution of dihedral angles and tight 
distribution of O (at a value near 120 ). 
1.7.2 NETWORK OF THREE FOLD RINGS OF PLANAR BO TRIANGLES 
The network of boroxol ring is shown in Fig.1.9(a). The 
skeleton network of Fig.1.9(a) is shown in Fig.1.9(b) . The eigen 
value e' of the connectivity matrix can be obtained as given 
below: 
Using the amplitude of energy eigen function A., a. and b. 
in the appropriate network shown in the skeleton networks of 
Fig,1.10(a) and Fig. 1.10(b) , the Schrodinger equation for single 
nearest neighbour interaction lead to the algebric relation: 
eA^ = A^ + A2 + Ag (1.23) 
That is, for single nearest neighbour interactions the energy ^ of 
any collective excitation times its amplitude at one site A is 
given by the sum of the amplitudes at the nearest neighbour 
interacting sites. 
A similar relation for eigen values e' of the three fold network 
of Fig.1.10(b) nt tho nito n in 
39 
FIG. 1.9: Ca!) Schematic idealized B^Og network of regular threefold 
ring like B^ Op. units, 
Cb) Skeleton network of the structure of Fig.10(a). 
2 / 
-< X A, 
(a) 
(b) 
FIG.1.10: Comparison of the two skeleton networks of 
Ca:> B2O2 network of planar triangles. 




or (e' + l)a^ = A^ + b^ (1.25) 
where the total s-like part of the amplitude on a triangle in 
Fig.1.10(b) is the same as the amplitude on the corresponding 
point in Fig.1.10(a), i.e. 
a^^ + a2 + ag = A^ (1.26a) 
^1 -^  ^ 2 "^  ^ 3 ^ ^1 (1.26b) 
and so on. Similarly we have 
(e' + l)b^ + A^ + a^ (1.27) 
Eliminating b. from eqn.(1.25) and (1.27), we have 
e'(€' + 2)a^ = (e' + 1)A^ + A^ (1.28a) 
similarly 
e'(e' + 2)a2 = («' + 1)A^ + Ag (1.28b) 
e'(e' + 2)a3 = (e' + 1)A^ + Ag (1.28c) 
Adding eqns (1.28) and combining it with eqn. (1.26) 
e'(e' + 2) = 3(e' + 1) + e (1.29) 
or €' = 1/2 ± (e + 13/4)-'-'^ ^ (1.30) 
From the bounds on e, it follows that e' are bounded by 
-2 < ^' 5 0 
1 :^  e' < 3 (1.31) 
Thus there are two ranges of eigen values for the connectivity 
matrix of the skeleton lattice of Fig.1.9(b) . The limiting values 
e' = 2,0,1 & 3 apply to any network of rings (planar or puckered) 
whose connectivity matrix corresponds to the topology of 
Fig.1.9(b). The vibrational eigen frequencies are found by 
4 2 
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substituting e' into eqns (1.17-1.20), with e' = «, whose 
quadratic nature doubles the number of bonds to eight values which 
are denoted by 
-2", -2', 0"^ , 0~, 1"^ , 1", 3"^  and 3' 
2 - + + 
The only (ra/<=t)c*> values corresponding to 3 , -3 and 3 are 
solutions of eqns.(1.17-1.20) and they should retain in 
eqn.(1.29). 
"* o 
To evaluate the band frequencies for the special case of © = 120 
in the network of Fig.1.9 , we define 
y^ = (m/o()w^  (1.32) 
A = (3m/4M) + 1 (1.33) 
B = (3m/4M)^ +1/4 (1.34) 
It follows from eqns.(1.1-1.4) that 
y^(3~) = 1/2 . (1.35) 
y^(l") = A - [B + (in/4M)]^/^ (1.36) 
y^(0") = A - B^/^ (1.37) 
y^(-2") = A - [B - (m/2M)]^/^ (1.38) 
y^ (-3'*') = 1/2 + (3m/2M) (1.39) 
y^ (-2'^ ) = A + [B - (m/2M)3^/^ (1.40) 
y^ (0"*") = A + B^/2 ^^^^^ 
y^ d"*") = A + [B + (m/4M)]^/^ (1.42) 
y^ O"*") = 3/2 + (3m/2M) (1.43) 
These equations for band frequencies are plotted in the 
Fig.1.11. The frequencies have been calculated using eqns. 










FIG.l.ll: Allowed frequency bands for central force vibrations of 
the network of B^Og rings of Fig.1.9. 
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TABLE-1.3: Comparison between theoretical and experimental Raman 
data for V-B2O2. 































with the experimentally obtained Raman bands have also been given. 
sThus Raman studies on v-B^O^ support the kind of model set 
forth by Mozzi and Warren, involving a mixture of boroxol rings 
and BO^ triangles; these studies are inconsistent with the 
implication of Elliot's X-ray analysis that boroxol rings do not 
exist in v-B„0„. 
1.8 STRUCTURAL MODELS FOR METALLIC IONS IN GLASSES 
If glasses are considered'as solvents, there are a number of 
ways that metallic oxides may dissolve in the glass structure as 
po 
shown in Fig.1.12(a-d) . The metallic ion may enter the network 
[a] -as a molecular entity in which the metallic ion is 
coordinated to oxygens which are not part of the glass network; 
[b] -as a quasi-molecular complex in which the ion is coordinated 
by non-bridging oxygens resulting in the local rearrangement of 
the glass structure; 
[c] -as a network modifier which occupies a site the geometry of 
which is determined by the glass structure, or 
[d] -as a network former by substitution into network sites. 
The metallic oxides dissolved as quasi-molecular complexes 
and network modifiers appear at interstitial positions of the 
glass structure. In the case of the network modifier, the metallic 
ions occupy a site which is determined by the configuration of the 
structural units present in the melt. Whatever their geometry, 
these sites can be expected to vary with melt composition and 
40 
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FIG. 1.12: Schematic diagrams of metallic ions dissolved in glass 
melts. Small full circles represent B and open circles 
0. M represent metallic ion. 
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structure. On the other hand, in the formation of a 
quasi-molecular complex the metallic ion modifies the network 
locally to provide a more regular coordination polyhedron with 
adjusted bond lengths. Obviously, these two cases are the end 
members of a continuous range of possibilities which depend upon 
the balance between the network bonding strength and the bonding 
requirements of the metallic ion. 
1.9 GENERAL CONDITION FOR HIGH IONIC CONDUCTIVITY IN SOLIDS 
Several conditions must be met for a solid to be a good 
ionic conductor at moderate temperatures. First, the potentially 
mobile species must be present as ions and not be trapped in 
strong covalent bonds. Second, a population of alternate sites 
that the ions can potentially occupy and that are not their 
principal crystallographic positions must also exist. Third, the 
energy to disorder as well as to move the ions among the larger 
population of alternate sites must be low. 
1.10 IONIC CONDUCTION IN GLASSES 
The experimentally determined conductivity is generally 
analysed as a product of carrier concentration and the mobility. 
This concept works well for crystalline solids, where the carrier 
concentration may be defined as the density of defects with 
reference to the perfect lattice. Each carrier is identically 
situated and has the same mobility, so that the current due to the 
48 
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ensemble of ions is a simple multiple of the single ion current. 
Such a simplified picture is not possible for a glass 
system. Here, without the reference of the perfect lattice, the 
definition of a defect becomes rather arbitrary. For the sake of 
simplicity, however, we will discuss here the two extreme cases 
where the variables of carrier concentration and the mobility are 
considered separately. These are called the weak electrolyte 
theory and the free volume theory respectively. 
The Weak Electrolyte Theory: 
The weak electrolyte model has been applied to glasses in a 
similar way to the familiar theory of conduction in aqueous 
solutions of weak acids. This theory predicts that the major 
effects of compositional changes on conductivity occur via 
variation in carrier concentration. 
Free Volume Theory: 
The weak electrolyte theory works well and is probably valid 
for dilute solutions of metal oxides in glasses. However, it is 
difficult to justify the weak electrolyte assumption in some other 
contents, e.g. oxide glasses doped with large amount of metal 
halide. Free volume theory predicts that these glasses should be 
treated as strong electrolyte i.e. fully dissociated- and that the 
variation in conductivity is primarily due to the mobility term. 
Thus, by the addition of metal oxide in v-B^Oo, we can create an 
excess of cations, and expect these to be mobile. The extent of 
mobility, however, is then determined by the size of the ion 
49 
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relative to the size and continuity of the interstitial space 
between large anions. 
1.11 PRESENT WORK 
Raman scattering studies of borate glasses in the systems 
xM20.(l-x)B203 (M=Li, Na, K, Ag) and xM'0.(l-x)B203 (M'=Cd, Zn) 
for different values of x have been carried out to understand the 
structure of these glasses. The addition of metallic oxides 
results in the progressive formation of different cyclic borate 
rings such as tri-, tetra-, penta-, meta-, pyro- and orthoborate 
groups along with the destruction of some of these groups. The 
coordination change of the boron atoms from three to four 
coordination strongly depends on the mass and size of the modifier 
cations. The short correlation range (SCR) of these glasses has 
been estimated and it is found that the ordered microregion 
increases with the cation mass. A network model has been proposed 
for lithium borate glass system containing 0.20 concentration of 
Li20, A good similarity between the theoretical and calculated 
vibrational frequencies has been observed. 
The structure of cadmium and zinc oxide doped binary borate 
glasses is different from that of alkali and alkaline earth doped 
++ ++ glasses. Cd and Zn ions do not break the network of boroxol 
ring significantly and preferably enhances the formation of 
non-bridging oxygens. The temperature dependence studies have also 
been carried out to explore the effect of temperature on the 
50 
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cyclic borate rings. 
Finally, Raman scattering study of ternary Rilver borat.e 
glass system has also been carried out to explore the effect of 
addition of AgCl in the network of binary silver borate glass 
system. Addition of AgCl results in the destruction of boroxol 
rings containing one or two BO. tetrahedra, together with the 
formation of small, highly charged units such as free BO., BOg 
etc . 
The study of oxide glasses with higher ionic conductivity 
has become promising in the development of solid state devices 
such as microbatteries, etc. because of the advantageous 
characteristics for energy conversion associated with such 
+ + + + 
systems. Li , Na , R , Ag are known to show high conductivities 
in glasses. The cadmium borate glasses has important 
characteristic for use in electret transducers and piezoelectric 
transducers. Moreover, the cadmum borogermanate glasses exhibit 
ohmic photoconductivity. The present work would be helpful in 
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2.EXPERIMENTAL DETAILS 
a. 1 INTRODUCTION: Glass production starts with a mixture of 
primary materials consisting for the most part of natural 
materials and in lesser quantity, industrial chemicals taken in 
definite proportions. This vitrifiable heterogeneous mixture 
called "batch" is melted in an appropriate furnace. Except for the 
volatile parts which escape in the process, all constituents of 
the initial mixture fuse together forming an homogeneous liquid 
called melt which vitrifies on cooling, i.e. solidifies as glass. 
Except for certain modifications due to these specific 
treatments, the properties of the glass are essentially fixed from 
the very beginning by the "batch" composition which determines the 
quality of the glass and conditions for the glass forming process. 
An important concern in the science of fast ionic conductive 
materials is the selection of glass composition with (1) high 
ionic conductivity; (2) little temperature dependence of 
conductivity; (3) low equivalent weight of mobile ions; (4) 
stability with respect to dissociative type reactions; (5) wide 
temperature range of stability; (6) low specific gravity; (7) good 
electrolytic property and (8) mechanical strength. Much of the 
primary information on these materials has been obtained from thin 
films. In the use of solid electrolytes, thin film forms have 
practical advantage because its apparent resistance can be 
reduced. The low internal resistance is especially important in 
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the field of solid state cells for high power and long life 
operation. 
2.2 "THE BATCH" : Nearly all industrial glasses are oxide glasses. 
The ability to vitrify is a term designating the tendency of the 
liquid solution to vitrify on cooling; it depends on the 
proportion of glass-forming oxides and modifiers in the 
composition. Most chemical elements exist in nature as oxides 
(rocks) or are provided by industry in oxide form or as compounds 
able tb transform into oxides during fusion. The choice of 
constituents and their proportions is nearly unlimited. 
2.2.1 GLASS FORMING OXIDES: The major industrial glass forming 
oxide is SiO„ or silica, found abundantly in nature in the form of 
sand (quartz). All sand deposits cannot be used for glass because 
of impurities. Sands with more than 99% SiO^ and less than 0.2% 
troublesome impurities are normally used. 
Anhydrous boric oxide B^Oo, sometimes used as the only 
glass-former in enamels and very low melting glasses, is often 
associated with SiO^ (borosilicate glasses). It is an expensive 
former and is introduced as pure B(OH)„. Ordinary glasses contain 
less than 1% B^Og. 
2.2.2 MODIFIER OXIDES: The oxides of sodium, Na20, and potassium, 
K2O, improperly called "soda ash" and "potash" are the "fluxes" 
necessary to lower by several hundred degrees the temperature of 
glass forming oxides. They are introduced as industrially 
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manufactured carbonates, sulfates or nitrates. The composition is 
essentially based on sodium carbonate, Na2C0g, with part of the 
Na„0 being introduced in the form of sulphate which decomposes at 
higher temperature liberating bubbles of SOg, helpful for the 
fining process. Nitrate is added for its oxidizing properties. 
E.3 METHODOLOGY OF GLASS FORMATION: There are three steps in the 
process of transforming a vitrif.iable mixture into molten glass 
which can be made into a finished form: 
(a) Melting:- Depending on the composition, the temperature is 
progressively raised to 1300-1400 C (for ordinary glasses). In the 
course of heating, several complex reactions occur: dehydration, 
dissociation of carbonates and sulphates with the release of CO^, 
SOg, SOg etc., local formation of compounds by solid state 
reactions, general sintering of the mass, melting of certain 
compounds and finally dissolution of the most refractory 
constituents at temperatures much lesser than their actual melting 
points. 
(b) Fining_and_HomogeniEation:- Molten glass is not homogeneous; 
moreover, it contains numerous gas bubbles from dissociation of 
compounds, reaction with refractories and furnace atmosphere, etc. 
which are trapped in the high viscosity mixture. 
The process of fining eliminates these inclusions. It mainly 
consists of raising the temperature of molten glass to a practical 
maximum (1450-1550 C for ordinary glasses) to reduce viscosity. 
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The bubble ascention rate is thus increased (according to Stokes's 
law) and homogeneity is enhanced. A mechanical agitation (stiring) 
or injection of air or steam from below (bubbling) can also be 
used and finally, fining agents Na2S0^ or As20g can be added. This 
very complex chemical fining consists of liberating large 
quantities of gas at the end of the melting process, which 
precipitates on the fine bubbles already present, increase their 
volume and thus take them to the surface faster. Thus at 
temperature greater than 1200 C 
Na2S0^ > Na20 + SO2 + (1/2)02 
(c) Conditioning:- At the end of fining, the viscosity of the 
glass is too low for working. Depending on the forming process 
employed, its viscosity is increased by cooling to the temperature 
range 1200-1000**C (for ordinary glasses). 
The three production stages: melting, fining-homogenization 
and conditioning depend on viscosity. 
2.4 PREPARATION OF BORATE GLASSES: The boric acid, in powder form 
(obtained from BDH, England), was first dehydrated by heating upto 
200 C in a china clay crucible and then heated upto 1000 C 
continuously for twenty four hours. It was then quenched rapidly 
to room temperature and pressed between stainless steel plates to 
prepare a desired thickness of glass. Just before using, the faces 
of the glasses were grinded and polished with carborundum powder 
in three stages using different meshes of lower grades (200, 400) 
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and tlien with 800 mesh and finally smoothened with a soft clothe. 
The binary silver borate glasses were prepared by heating 
the weighed amounts of reagent grade silver nitrate and boric acid 
in electric furnace at HOOK for an hour. Within experimental 
errors, gravimetric analysis showed that when the mixture was 
heated, its weight decreased as expected for complete ejection of 
water (from B„0^) and nitrogen oxide (from AgNO^). The samples 
were made by pouring the bubble-free melt in between the stainless 
steel molds kept at room temperature. The samples were 
transparent, varied from yellow to light brown in color and darken 
as the AgpO/B„0„ ratio increased. Two to three samples were 
prepared from each batch of melt and all of them gave identical 
results. The samples were fairly hygroscopic and they tend to 
darken specially during laser light exposure. This phenomenon was 
avoided by reducing the power of the laser source falling on the 
sample to less than lOOmW. 
The ternary silver borate glass system was prepared by 
heating the weighed amounts of reagent grade silver nitrate, 
silver chloride and boric acid in electric furnace at 1200K for an 
hour. This glass is transparent, greenish in color and 
hygroscopic. No effect on this glass has been observed during its 
exposure to laser light. 
The alkali borate glasses were prepared by heating to 1200K 
the mixture of reagent grade powders of anhydrous H„BOg and dry 
M2C0g (M=Li, Na, K) in an electric furnace until the molten mass 
/-> 6 a 
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became free of bubbles. These glasses are transparent, colorless 
and highly hygroscopic and thus special care has to be taken to 
protect them from hydrolysis. 
The cadmium and zinc borate glasses were prepared by heating 
to 1150K the measured amounts of reagent grade powders of 
anhydrous H^BOg and M'O (M'=Cd, Zn) in an electric furnace until 
the molten mass became free of bubbles. These glasses are also 
transparent, colorless and highly hygroscopic. 
2. S CARE OF SAMPLE MATERIALS: The boric oxide, ^20^, and metal 
oxide doped borate glasses are highly hygroscopic materials. Even 
at very high temperatures, hydroxyl groups may be present in it. 
However, just after the preparation of the samples, these were 
kept in the desiccator which was provided with dry CaCl„ to remove 
the last traces of H„0 from inside. Extra care is needed for 
silver borate samples because of .its photosensitive character. To 
avoid this process, the desiccator was covered with a dark black 
clothe. Whenever the samples was used for scanning, the faces of 
the glass were again smoothened by carborundum powder and polished 
with soft clothe. 
2.6 INSTRUMENTATION CRECORDING OF SPECTRAI): The Raman spectra of 
borate glasses at room temperature were recoreded in our 
laboratory on a standard system consisting of Spectra Physics 
argon ion laser using 514.5 nm as the exciting line, a Jobin Yvon 
63 
CHAPTER - II 
Ramanor U-1000 double raonochromator with holographic gratings and 
a photon counting system. The spectra were recorded in the 
conventional right angle scattering geometry. The laser power of 
800mW was used for recording the Raman spectra of alkali-, 
cadmiun- and 2inc-borate glasses. The silver borate glasses tend 
to darken during laser light exposure: this phenonmenon was 
avoided when the laser power on the sample was lOOmW. 
The Raman spectra at room temperature as well as at higher 
temperatures (100-400 C) were recorded on a Jobin Yvon Ramanor 
HG2S instrument at the Regional Sophisticated Instrumentation 
Center, Indian Institute of Technology, Bombay. A good similarty 
of spectrum recorded using the two spectrometers was observed. 
Before recording the Raman spectra of borate glasses, the 
spectrum of the standard sample" (Benzene) was recorded and in the 
light of this spectrum, the calibration of wavenumber scale in the 
Raman spectra recorded at the two spectrometers was performed. 
While the spectra recorded using the spectrometer Jobin-Yvon 
Ramanor U-IGOG did not require any change in the wavenumber scale 
as obtained from the instrument, the spectra recorded using model 
Jobin-Yvon Ramanor HG2S required a subtraction of 13 cm~ from the 
wavenumber scale. A cut off frequency of 25 cm" was fixed while 
recording the Raman spectra using the model U-IOOG, while it is 12 
cm in HG2S (after subtracting 13 cm" from the experimentally 
fixed 25 cm cut of frequency). A good reproducibility of 
spectrum has been seen in both the spectrometers. All the spectra 
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presented in the thesis were recorded in Stokes region under 
similar experimental conditions. The spectra were presented in the 
thesis after incorporating the instrumental error. 
In the basic Raman spectrometer, the sample under 
investigation is subjected to irradiation from a suitable 
monochromatic light source and the Raman spectrum is observed by 
the use of a system comprising 
(i) monochromatic light source; 
(ii) sampling compartment; 
(iii) monochromator (dispersing system); 
(iv) recording system; 
(v) scan control unit. 
The b^ock diagram of Fig.2.1 shows the components of the basic 
Raman spectrometer. 
The essential requirments of a light source for excitation 
of Raman spectra are that it should be highly monochromatic (i.e. 
having a narrow line width) and capable of giving high irradiance 
at the sample. An argon ion laser meets these requirements. The 
sample is placed vertically in the sample compartment and is 
illuminated in such a way that an acceptable image is produced at 
the entrance slit of the monochromator. In the present 
experimental set up, the conventional 90 scattering geometry in 
which the laser passes normally to the direction of view is used. 














FIG.2.1: Block diagram of the basic Raman spectrometer. 
FIG.a.2: Optical ray diagram for the sample compartment 
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The scattered light is focussed on the entrance slit F^ of 
the monochromator dispersing system. The optical layout of the 
disperning system is shown in Fig.2.3. Jobin-Yvon Ramanor U-1000 
is a typical double monochromator designed for spectroscopic 
applications that require high resolution and extreme stray light 
rejection. The two identical monochromators are in an additive 
mount equipped with plane holographic gratings. Each monochromator 
features an assymetric Czerney-Turner mounting equipped with two 
slits which open symmetrically. The two gratings are mounted and 
rotated on a single horizontal shaft which is parallel to the 
grating grooves. The exit sliL F„ of the first monochromator is 
imaged on the entrance slit Fo of the second monochromator. 
Finally the exit slit F. allows from the dispersed beam, only a 
narrow wave number band to reach the detecting system. 
The basic principle of the detecting system of Raman 
spectrometer is the phenomenon of secondary electron emission from 
a treated metal surface. A single primary electron ejected by the 
photon falling on the cathode C from the exit slit of the 
monochromator gives rise to a large number of secondary electrons. 
These electrons are accelerated towards a number of dynodes at 
which increasing voltages are applied. The electrons from the 
final electrode are collected at the anode. These are then 
conducted away and measured as photo current signals. These 
signals are converted electronically into digital counts which 






















FIG.a.3: Monochromator dispersing system of the Raman spectrometer 
(model Ramanor U-1000). 
recorder is accomplished through stepping motors and sc 
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Synchronous scanning of the monochromator and of the X-Y 
an 
controller which generates the drive pulses for both the 
operations. By selecting the scan rate and scan range, the logic 
circuit supplies proper pulse rate to each motor, thus obtaining 
the Raman spectra on a recording sheet. 
2.7 X-RAY DIFFRACTION ANALYSIS 
The annealing of glass over extended periods of time is 
known to affect the structure of the glass. With the increased use 
of glass as a practical material in storage batteries, transducers 
and lasers etc., it is of the greatest importance to specify 
exactly the mode of preparation and annealing of the glasses used 
before attempting practical application. The method followed for 
the preparation of borate glasses has been described in Section 
2.4. The glass samples were finally powdered and the X-ray 
diffraction patterns were recorded with a Philips-type PM 9920/05 
diffractometer using Cu radiation at the interval of l°(20)min~ 
from 5 to 80°. 
The X.R.D spectra for all the glass samples, that have been 
undertaken in the present thesis are recorded. The X-ray 
diffractogram shows that the samples are amorphous. The X.R.D 
pattern for one of the untreated glass sample 0.10Li„0.0.90B„0„ is 
shown in Fig.2.4(a). In Fig.2.4(b), we have shown the X-ray 
diffractogram of the same glass sample after heat treatment for 4 
70 
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FIG.2.4: X-ray diffractogram for lithium borate glass 
composition 0.10Li20.0.gOB^Og. 
(a) untreated 
( b ) a l ' t e r h e a t trenl.monL i'or 4 h o u r s a t -lUU C. 
of 
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hours at 400*^ 0. The analysis of patterns in Fig. 2.4( a&b) indicate 
that the new sharp peaks began to emerge in Fig.2.4(b). The 
appearance of these peaks in annealed glass sample suggests the 
formation of certain microstructural groups in the sample under 
consideration. 
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3.RAMAN SCATTERING IN LITHIUM BORATE GLASSES 
3.1 INTRODUCTION: The study of oxide glasses with higher ionic 
conductivities has become promising in the development of solid 
state devices such as microbatteries etc. because of the 
advantageous characteristics for energy conversion associated with 
such systems. In the case of alkali borate glass system, alkali 
ions run through the cage of oxygens, and the ionic conductivity 
is controlled by the structure of glass system. The lithium doped 
borate glasses in general have attracted considerable attention as 
a consequence of their very high ionic conductivity, up to a = 
-2 -1 10 (O cm) at room temperature. 
Upon addition of alkali oxides to B„0o, the covalent network 
of amorphous boron oxide undergoes significant changes, resulting 
in the creation of anionic sites that accomodate the modifying 
alkali cations. The influence of the alkali oxide on the 
properties of the borate glass, particularly on those associated 
with network rigidity, has been recognised for some time and has 
been termed the "boron anomaly". A number of studies have revealed 
that the change of boron coordination from three to four and the 
formation of non-bridging oxygens are mainly responsible for the 
observed anomaly. The nuclear magnetic resonance studies of Bray 
and coworkers , as well as the vibrational studies of 
Krogh-Moe ' , Konijnendijk and Konijnendijk & Stevels^, are 
important in identifying several borate arrangements consisting of 
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boron-oxygen triangles and tetrahedra which form the glass network, 
at various modification levels. 
Bisooe and VJarren first gave experimental evidence for the 
presence of the tetrahedrally coordinated boron atom in alkali 
7 borate glasses by X-ray diffraction analysis.' Warren estimated 
the maximum concentration of 13 'mol% Na20 that goes in the system 
to produce tetrahedrally coordinated boron atom in the Na„0-B„0„ 
glass. Abe deduced the limiting concentration of Na„0 to be 16.7 
mol% in the Na^O-B^O^ system for the production of tetrahedrally 
coordinated boron atoms by assuming the formation of an ab, 
structural unit, where "a" denotes the BO. tetrahedron and "b" the 
p 
BOg triangle. At the same time Abe predicted the appearance of 
non-bridging oxygens at the concentration range of more than 16.7 
g 
mol% Na^O in the Na^O-B^O., glass. Eversteijn et.al. suggested a 
relationship between the number of bridging oxygens and 
non-bridging oxygens produced in alkali borate glass; that is in 
the range up to 16.7 mol% of Na^O ( R ) , the mean number of non 
bridging oxygens per boron atom, X, is zero and that of bridging 
oxygens per boron atom, Y, increases with R'. The average number 
of bridging oxygens per boron atom can be given as y=2R', and in 
the region above 16.7 mol%, X increases with R' as X=2R'-3.20 and 
Y decreases with R' as Y=6.40-2R'. From the crystallographic study 
on the structure of the anhydrous crystalline Nap0.2Bj>0o compound, 
krogh-Moe postulated the presence of tetrahedrally coordinated 
boron atoms in alkali borate glass. He postulated the presence of 
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diborate ions in the Na20.2B203 glass that consist of 50% 
four-fold and 50% three-fold coordinated boron atoms, and 
confirmed it by a comparison with the IR spectra of Na20.2B202 
glass and that of crystalline ^^^O.l'&^O^ compound. The fraction of 
four-fold coordinated boron atom" N. in the glass was predicted to 
increase with the addition of alkali oxide (molar fraction x) in a 
form expressed as N.=x/(l-x). 
From the experimental data on melting point depression, 
Krogh-Moe suggested, besides the tetrahedral structure of boron 
polyhedra, the existence of three different kinds of borate groups 
2- 2-
i.e. BgO. c> B R 0 I 3 "^^ "^  ^ 4^7 "^^  ^ ^® 5-33 mol% Na20 composition 
range in the Na^CB^O^ system. 
From the radial distribution function derived from the X-ray 
12 diffraction curve of the B^Oo glass, Mozzi and Warren deduced 
that a small fraction of the B0„ units ("loose" B0„ units) was 
linked randomly to the boroxol ring units. Similarly, Aoki 
13 
et.al, have calculated the macrostructure of the B^O^ glass by 
the hand-built method and suggested the existence of large number 
of boroxol ring units (about 80%) interconnected by a smaller 
number (about 20%) of BOg units, in good agreement with Mozzi and 
12 Warren's result. 
Deducing from IR spectra of the alkali borate system in the 
0-33 mol% alkali oxide compositional range, Krogh-Moe proposed a 
glass model composed of (i) boroxol ring unit, (ii) pentaborate 
unit, (iii) triborate unit, (iv) diborate unit; the last three of 
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which include tetrahedrally coordinated boron atoms. It was 
suggested that the alkali addition would result in the formation 
of a pentaborate -triborate pair unit. The pentaborate-triborate 
pair elements are replaced by diborate units when the alkali oxide 
concentration is increased from 20 to 33 inol%. 
Beekenkamp proposed a quantitative hypothesis for the 
5 tructure of alkali borate glass such that (i) BOg units with 
non-bridging oxygen are at equilibrium with (ii) BO. units 
surrounded only by four BOg units. Beekankamp's hypothesis based 
on the chemical equilibrium concept proposed a relation between 
the fraction of tetrahedrally coordinated boron atoms N. and the 
molar fraction of alkali oxide x in the form: 
N^ = [x/(l-x)]/[l + exp(11.5x-4.8)] (3.1) 
Equation (3.1) has a maximum at approximately x=0.4 which 
indicates a substantial coincidence with the results of NMR 
15 4 
measurements . Konijnendijk in a semiquantitaive calculation 
estimated structural units possible in alkali borate glasses, 
based on the data of NMR and Raman spectra. The following 
structural units were taken into consideration for the 
calculation: (i) boroxol ring units, (ii) triborate or tetraborate 
units, (iii) "loose" BOg triangles, (iv) "loose" BO. tetrahedra, 
(v) diborate units, (vi) metaborate units, (vii) orthoborate 
units, (viii) pyroborate units. The most probable borate units in 
alkali borate glasses, which Konijnendijk suggested to exist as a 
function of compositional range are given below: 
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COMPOSITIONAL RANGE: STRUCTURAL UNITS DEDUCED 
(1) 0-20 mol% MpO : boroxol, tetraborate, "loose" BOg triangles. 
(2) 20-35mol% M2O 
(3) 35-50mol% M2O 
and 'loose" BO. tetrahedra 
tetraborate, diborate, "loose" BO^ triangles 
and "loose" BO. tetrahedra 
diborate, metaborate, pyroborate, orthoborate 
and "loose" BO^ triangles 
16 Yun and Bray elucidated, from NHR data, the evolutions 
among the various structural units in Na^O-B^O„-SiO„ glass. The 
struct^ ural units proposed for the glass included (i) boroxol ring, 
(ii) diborate, (iii) metaborate, (iv) "loose" BO., (v) pyroborate, 
(vi) orthoborate, (vii) "loose" BO.^  and (viii) Si.O.j, units. 
Transformations were assumed among diborate, metaborate and 
17 
"loose" BO. in the glass. Also Yun and Bray presented a model 
for the lithium borate glass in the 37.5-65 mol% Li^O composition 
range, derived from their NMR data. Transformation formulae were 
estimated among these structural units as a function of R (molar 
ratio of alkali oxide/ boron oxide), divided into three ranges: 
R<0.5, G.5<R<1, and R>1. 
17 Recently Ota et.al. have shown that the concept of 
chemical equilibrium established among several structural units is 
useful to describe quantitatively the changes of coordination 
number of borons and the number of non-bridging oxygens bonded to 
borons as a function of alkali oxide content in the alkali borate 
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The interpretation of the Raman spectra of borate glasses is 
complicated due to the presence of many structural groups 
resulting in the appearance of broad features in the spectra. 
However, by comparison of the spectra with those of borate 
compounds whose crystal structure is known, it is possible to 
obtain information on the presence of different structural units 
in the glasses. 
NWith the aim of understanding the influence of Li„0 content 
2 
on the network of v-B„0„, Raman measurements on binary lithium 
borate glasses in the system xLi„0. (l-x)B.pO„ for various values of 
X (0.10s;x:50.50 in the temperature range 25-400 C are presented in 
this chapter. We compare our results with those obtained from the 
analogous crystalline compounds and discuss them in terms of 
current knowledge of the structure of borate glasses. 
3.2 RESULTS AND DISCUSSION: 
3. a. 1 HIGH FREQUENCY RAMAN SPECTRA: The structure of v-BJ3^ can 
essentially be described by a random three-dimensional network of 
BOg triangles, with a comparatively high fraction of six membered 
2 
boroxol rings . It is well known that the Raman spectrum of 
v-B^Og has only one very strong band at about 806 cm" which is 
polarized. This frequency characterizes the specific ring 
19 
structure of the glass. Furukawa and White and Windisch and 
20 Risen have assigned this band to the symmetric breathing motion 
of boroxol rings which is substantiated by the isotopic exchange 
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data. The addition of Li^O to the borate glass promotes the 
breakdown of boroxol rings and helps in the formation of BO^ 
tetrahedral units. The experimental evidence for such a process is 
the appearance of a Raman band at 770 cm" together with a 
decrease in the intensity of the band at 806 cm . The increase in 
the intensity of the 770 cm Raman band with Li^O concentration 
confirms the network modifying nature of l\ni Li,.(3. Tho Uanian 
spectra of lithium borate glasses in the system xLi^O.(l-x)BpO^ 
for (0.10:£x:50.50) is shown in Fig. 3.1, while the deconvolution of 
the 770 and 806 cm" bands for the x=0.10 concentration is shown 
in Fig.3.2. The observed band positions are tabulated in table 
3.1. 
The addition of Li„0 causes a change of the boron 
coordination according to tho schemes: 







•0 B 0- 2Li"^  
(for higher Li^O content) 
:;B---0 —-Br:' + ^^2° •> 2 
•"0^ 
'(J 
,8 0 + 2Li"^  
[here O r&pr&s&nts the non-bridging oxygen] 
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FIG.3.1: Raman spectra of lithium borate glasses in the system 
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FIG. 3.2: Deconvolution of the 770 and 806 cm bands for lithium 
borate glass system 0.lOLi^O.0.gOB^O^. 
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TABLE -3.1s Observed Raman bonds Com ) in lithivim borate glasses 
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21 NMR data have shown that fox- a given value of x m the 
range (0^x^^0.50) the proportion of BO. containing groups is the 
same in all the alkali borate glasses. In fact, these BO. groups 
are incorporated in more complex cyclic edifices such as diborate, 
5 22 triborate or tetraborate groups ' . All of them are characterized 
by a Raman band between 760-780 cm assigned to the breathing 
vibration of a six membered ring containing both B0„ triangles and 
BO. tetrahedra. For lithium borate glasses, the band at 770 cm 
increases in intensity with x at the expanse of the 806 cm band. 
The band at 806 cm totally disappears at the x=0.20 
concentration. This is interpreted as the network saturation of 
BO. groups at this concentration. The intensity (peak height) 
ratio of the bands at 770 and 800 cm for different 
concentrations is shown in Fig.3.3. The planar six membered rings 
with one BO. tetrahedra (i.e. tri-, tetra- or pentaborate groups) 
scatter at about 780 cm , while those containing two BO. 
tetrahedra (i.e. ditri- or dipentaborate groups) scatter at about 
760 cm . The existence of both types of ring structures causes 
-1 23 the appearance of a band contour in the range 760-780 cm , The 
diborate groups with two BO.'s per ring are not expected to 
scatter at about 760 cm because of the high distortion of these 
rings. The position of the 760-780 cm band maximum as a function 
of concentration of lithium oxide is shown in Fig.3.4, and the 
variation of full width at half maximum (FWHM) of the 770 and 800 
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FIG. 3,3: The intensity ratio (l77n/-'-8nn^  ^" terms of peak heights 
of bands around 770 and 800 
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FIG. 3.4: The shift of the band around 770 cm" with concentration 
(x) of lithium oxide in the system xLi^O.(l-x)BoOo. 
I 
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FIG.3.5: Varaition of the full-width at half-maximum (FWHM) of the 
bands around 770 and 800 cm~ with Li^O concentration in 
V-B^Og • >77U cm o >t3UU cm -1 band 
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The bands in the 500-700 cm" region show a marked change as 
the concentration of Li^O is increased. They give us information 
about the appearance of specific groups at different glass 
compositions. The band at 660 cm first increases with x upto 
x=0.25, then starts to decrease and finally disappears at the 
x=0.40 concentration, with the appearance of a new band at 635 
-1 5 
cm for the x=0.50 concentration. Crystalline spectra from 
01X20.56202 show a band at 650 cm" , Tetraborate and diborate 
groups do not show any band in this region. Thus it can be 
concluded that the band at 660 cm in the Raman spectra of 
lithium borate glasses is due to the presence of pentaborate 
groups, while the new band appearing at 635 cm for x=0,50 
concentration is due to the vibration of the ring type metaborate 
groups- The broad band around 500 cm increases in intensity as 
the concentration of Li„0 is increased and shifts towards higher 
wavenumbers (550 cm at the x=0.50 concentration). The band at 
500 cm arises due to the presence of pentaborate, tetraborate 
and diborate groups, while the 550 cm~ band at x=0.50 is due to 
5 
the existence of isolated diborate groups . 
The band at 855 cm which develops in the Raman spectra of 
lithium borate glasses at x5:0.25 concentration grows in intensity 
as the'* concentration of LinO is increased. Pyroborate units 
4- 5 
^^2^5 ^ ^ ^ ^^® crystalline spectra of 211^0.B^Og show a band at 
840 cm . Thus the band at 855 cm" seems to be analogous to that 
at 840 cm~ and denotes the progressive formation of BJ^^ 
85 
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-1 
anions. Another feature located at 1,250 cm also grows m 
intensity with LioO content. In the Raman spectra of crystalline 
pyroborate compounds, the bands at 840 and 1,210 cm were 
assigned to the symmetric stretching of the B-O-B bridges and to 
4-
the stretching of the terminal B-0 bonds, respectively, in B„0^ 
anions. 
The band around 950 cm which appears in the Raman spectrum 
of lithium borate glass at the x=0.15 concentration increases in 
intensity and shifts towards higher wavenumbers (965 cm at 
x=0.35), and later shifts towards lower wavenumber as the 
concentration of Li„0 is progressively increased. At the x=0.50 
concentration, this band splits into two bands located at 925 and 
954 cm . The band at 925 cm agrees within reasonable limits 
-1 5 
with the 927 cm band of the crystalline lithium orthoborate , 
3LioO.B„0„. Thus this band may be assigned to the totally 
3-
symmetric stretching of B-0 bonds of BO^ • Raman spectra of 
crystalline ot- and P-K^ 0.5Bj>0o show bands at 885 and 925 cm~ , 
respectively, while that of crystalline K^0.4B^0o gives a band at 
895 cm . Thus the band at 950 cm~ at x=0.15 is probably due to 
penta'^orate and tetraborate groups rather than orthoborate groups. 
The shift of the 950 cm band to a lower value at higher 
concentration of 1-^2^ (xiO.35) is attributed to the linking of 
pentaborate and tetraborate groups to the orthoborate type of 
structure. 
The broad band in the region 1,300-1,500 cm""'' is similar to 
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that in the spectra of a large number of modified borate 
glasses ' with relatively high modifier contents. This band has 
been assigned to the stretching of B-0~ bonds attached to the 
5 "25 large number of borate groups ' . The Raman spectra in Fig.3.3 
indicate that the intensity of this broad band first increases 
with X and then at the x=0.50 concentration begins to decrease. 
This feature leads us to the conclusion that the number of B-0 
units first increases and then decreases as the formation of 
4- 3-
B^ Op- and BO^ units increases progressively. A schematic 
representation of different borate arrangements observed in 
lithium borate glasses is shown in Fig.3.6. 
3.2.2 LOW FREQUENCY RAMAN SPECTRA: The low frequency part of the 
Raman spectra of borate glasses is dominated by the so called 
"boson" peak, which results from the competition between the 
decreasing density of vibrational states and the increasing 
thermal population that occurs as the vibrational frequency 
Oft 
decreases towards zero . Furthermore, the density of states S(<^) 
is weighted by the coupling coefficient C, that describes the 
Raman scattering efficiency. The elastic continuum model of Martin 
27 
and Brenig gives an expression for the frequency dependent 
coupling coefficient C(w) that is relevant for the low lying 
vibrational modes corresponding mainly to acoustic phonons. 
Originally, the expressions were established for backscattering 
geometry, but they have since then been adopted to right angle 
O Q 
scattering geometry by Nemanich and one of them takes on the 
88 
FIG.3.6: The schematic representation of different borate 
arrangements. 
(a) Boroxol unit; (b) pentaborate unit; (c) triborate unit; 
(d) orthoborate unit; (e) metaborate unit; (f) pyroborate unit; 
(g) diborate unit; (h) loose BO.. 
Solid circles represent boron atoms and open circle oxygen atoms. 
An open circle with a negative sign indicate a non-bridging 
oxygen. 
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form: 
C^ j^ (co) = kJ- C3(v^/v^)^ exp{-(2iTca))^/v^^}ti2 
+ 2 exp{-(21700))^/Vj^^}tr^] (3.2) 
In this expression, Cy„ designates the coupling coefficient 
for the Raman spectra in the VH. configuration, A is a constant 
that contains the fluctuations of the photoelastic and elastic 
constants, and v, and v. are the velocities of the longitudinal 
and transverse acoustic waves, respectively. The short correlation 
range (SCR) is defined by 2or; it represents the extent of short 
range ordering within which a phonon can propogate with no 
damping. 
2 2 2 2 
Since the function <*> exp[-(2nca)) /v. ]a has a maximum at 
CO = v./2iTccr, the intensity is dominated by the contribution from 
the transverse acoustic modes, where co is the frequency of the 
boson peak. Thus the SCR can be estimated simply from the relation 
2CT = V /new (3.3) 
The SCR (2cr) for v-B^Og has been calculated to be 8A by 
29 Lorosch et.al. from their Raman study, which is larger than the 
diameter of one boroxol ring, i.e. ~5.6A. This fact indicates that 
in the v-B„Oo glasses the boroxol rings are not linked to each 
other completely at random but show an ordering which 
statistically involves more than one boroxol ring. On the other 
30 hand, Soppe et.al. in their molecular dynamics and X-ray 
31 32 
studies ' of v-BgO^ have demonstrated a preferential ordering 
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of about lOA (i.e. 2a - lOA). They concluded that the network of 
v-B^Oo consists of BOo triangles without boroxol rings, and that 
the connection of B0„ triangles is not random but shows a 
preference for B-O-B angles constrained to 120 . 
The addition of Li„0 to B„0„ gives rise to a marked shift of 
the boson peak towards a higher wavenumber. The boson peak, which 
was initially at 52 cm" for the x=0.10 in xLi20.(l-x)B202 glass, 
shifts to 100 cm" for the x=0.50 concentration. The shift of the 
boson peak with Li^O concentration is shown in Fig.3.7. The SCR 
(2or) for lithium borate glasses in the system xLi^O. (l-x)B20o, 
where (0.10:2x:^ 0.50) has been calculated by substituting the 
experimentally obtained values for the boson peak and the velocity 
29 
of transeverse waves (v. ) in the equation 2ci=v./ncw. The 
variation of the SCR and transverse velocity of acoustic waves 
(v.) with concentration of. lithium oxide is shown in Fig.3.8. 
The short range ordering in lithium borate glasses as shown 
in Fig.3.8 does not exceed the dimension of one six membered ring. 
Actually, the low frequency part of the spectrum in borate glasses 
is influenced by two factors: 
(1) the velocity of transverse and longitudinal acoustic waves; 
(2) the short correlation range (2^). 
In lithium borate glasses, the velocity of the transverse acoustic 
29 
wave (v.) increases significantly with increasing Lio^ content 
(as shown in Fig.3.8). The increase in v. with concentration leads 
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FIG. 3.7: The shift of the low frequency boson peak in lithium 
borate glasses in the system xLi^O.(l-x)B202 with 
increasing concentration (x) of Li^O in v-Bj>Og. 
o 
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FIG. 3.8: The variation of the short correlation range (2cr) and 
transverse velocity of acoustic waves (v.) in lithium 
borate glasses in the system xLiJ^ • (.l-x)BJ^s ^°^ 
different concentration (x) of Li^O. • >2tr; 0 >v. 
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The second parameter determining the position of the low frequency 
peak is the structural correlation range. The formation of BO. 
units which results from the addition of Li^O to v-B^Og, 
frustrates the preferential ordering of the BOo triangles and 
therefore reduces the SCR to -,4. 5A (at x=0.15) in the lithium 
borate glasses. The low frequency peak consequently shifts towards 
higher wavenumbers. 
The other important feature in the low frequency part of the 
spectra (Fig,3.1) is the presence of a peak at 135 cm . The 
intensity and position of this peak is not influenced appreciably 
24 by the addition of lithium oxide. According to Brill , the force 
constants of 0-B-O and B-O-B bendings, and 0-B-O-B torsion lie in 
the range ..30-80 N/m. This corresponds closely to a cluster mass 
of 30-80 amu, based on the simple harmonic approximation. Since 
the masses of BO^ and BO. units are, respectively, 60 and 78 amu, 
it can be concluded that the 135 cm band in lithium borate 
glasses corresponds to the librational modes of BOo and BO. units. 
3.2.3 TEMPERATURE DEPENDENCE RAMAN SPECTRA: With the increase in 
temperature of the glass samples in xLi„0.(l-x)B203 for 
(0.10:^x^0.50), a marked change in the frequency and the peak width 
of the 770 cm Raman band has been observed. As the temperature 
of the glass sample is increased, disorder and thermal expansion 
in the glass become predominant. The increase of disorder results 
in an increase in the Raman bandwidth, while the thermal expansion 
of the glass is responsible for the shift of the 770 cm" Raman 
94 
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band to lower wavenumbers. 
The boson peak, which is the dominant feature in the low 
frequency Raman spectra of most of the oxide glasses, also shows a 
shift towards lower wavenumber with increasing temperature of the 
glass samples. The shift of the boson peak for different 
concentrations of Li^O with increasing temperature is shown in 
Fig.3.9. It is clear from the figure that as we approach the glass 
transition temperature, a drop in the frequency of the boson peak 
occurs. The glass transition temperature first increases with the 
increase of concentration of alkali oxide in v-B^Oo upto a 
particular concentration of alkali oxide and then decreases. 
2 According to the Krogh-Moe model, the increase of T with an 
increase in concentration of alkali oxide is due to the formation 
of BO. groups, resulting in a closer packing and stronger glass 
network structure. The decrease of T^ at higher concentration is 
due to the formation of non-bridging oxygens (NBO's). 
33 According to Walrafen et.al. , the number of boroxol rings 
in v-B„0„ remains constant as the temperature is increased to T . 
At higher temperature, the number of boroxol rings gradually 
decreases. It is assumed that the rings are broken, and the 
randomly connected BOg triangles are formed. The structural 
groupings which are formed in the lithium borate glasses 
dissociate with increasing temperature and results in the 
formation of randomly connected BOg triangles and BO. tetrahedra. 
The full width at half maximum (FWHM) of the 770 and 800 cm"''-






FIG. 3.9: The shift of the low frequency boson peak in lithium 
borate glasses in the system xLi^O.(l-x)B20g for 
different concentrations of lithium oxide (x) in the 
temperature range 25-400°C: (a) 0.10; (b) 0.15; (o) 0.20; 
(d> 0.25; (e) 0.30; (f) 0.40; (g) 0.50. 
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bands and the intensity ratio (1770^^800^ with temperature for the 
x=0.10 concentration of Li„0 are shown in Fig.3.10 and 3.11, 
respectively. Here the peak height has been taken as the intensity 
of the peak. 
3.3 CONCLUSIONS: 
[1] The addition of Li20 (x:S0.20) to borate glass promotes the 
formation of a Raman band at 770 cm , together with a decrease in 
the intensity of the 806 cm Raman band. The band at 806 cm 
totally disappears at the x=0.20 concentration of Li^O. This is 
interpreted as the formation of four coordinated boron atoms. 
[2] The addition of Li^O to v-B^Og results in the progressive 
formation of penta-, tetra-, di-, ring type meta-, pyro- and 
orthoborate units along with the destruction of some of these 
units. 
[3] The short correlation range of lithium borate glasses reduces 
with the formation of BO. units and does not exceed the diameter 
of one boroxol ring. This indicates that for higher Li„0 content, 
the predominant cyclic groups which contain only one six membered 
ring are formed. 
[4] The intensity and position of the low frequency peak at 135 
cm are not influenced appreciably by the Li^O concentration. 
This peak probably corresponds to the librational modes of 
clusters of B and 0 atoms. 




i^ -h im iw 5Dir 
TEMP.(OC) 
hr 
FIG.3.10: Full width at half maximum (FWHM) of the 770 and 800 
cm bands for the lithium borate glass system 
0.101120.0.908203 in the temperature range 25-400 C 
• >770 cm""^ ; O >800 cm""^  
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FIG.3.11: In t ens i ty r a t i o (^770/^800^ ^" terms of peak heights for 
the li thium borate glaoo oystom 0.10Li20.0.90B203 in tho 
temperature range 25-400 C 
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for tho increase of bandwidth and shift of the 770 om~ Raman band 
towards lower wavenumbers with increasing temperature of the glass 
samples. 
[6] As the temperature of the glass sample is increased, the boson 
peak shifts to lower wavenumber, At the temperature close to the 
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4. CATION DEPENDENCE OF RAMAN SCATTERING IN ALKALI BORATE GLASSES 
4.1 INTRODUCTION: 
Binary alkali borate glasses in the system xR„0.(l-x)BpO„ 
(R=Alkali cation) have been extensively studied over the years to 
elucidate the nature and the relative concentration of the various 
1-5 borate units constituting the glass network . The structural 
changes that take place in the B„0o glass on the addition of 
alkali oxide include a change in the coordination number of boron 
atoms from 3 and 4 together with the production of non - bridging 
oxygens at the- higher concentration of RpO. According to 
Konijn^ndijk , the likely borate units expected to exist in the 
alkali borate glasses at different compositional ranges are given 
below: 
[i] 0-20 mol% RpO : boroxal, tetraborate, "loose" B0„ triangles 
and "loose"" BO- tetrahedra. 
[ii320-35 mol% R„0: tetraborate,diborate, "loose" BOo triangles 
and "loose" BO. tetrahedra. 
Ciii]35-50 molXR^O; diborate, metaborate, pyroborate, orthoborate 
and "loose"B0„ triangles. 
However, these studies did not provide any information about 
the effect of the mass, size and electronegativity of the 
particular alkali metal employed on the presence of these 
1—6 
structural groups. The key result of the previous studies was 
that the structure of alkali borate glasses is almost independent 
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of the specific alkali cation used, but strongly depends on the 
concentration of alkali-oxides. 
In the present chapter, we undertake a comparative study of 
the spectra of alkali borate glasses in the system XR2O.(l-x)B20o 
(R=Li,Na & K) and explore the role of mass and size of the 
particular alkali metal used on the appearance of the specific 
boron- oxygen units at various concentrations of the metal oxide 
in the borate glass. This will help us in understanding the basic 
structural units in these glasses. 
4.2 RESULTS AND DISCUSSION 
4.2.1 HIGH FREQUENCY RAMAN SPECTRA: The Raman spectra of lithium, 
sodium and potassium borate glasses are shown in Figs.[4.1-4.3] 
while the observed Raman bands are tabulated in tables 4.1-4.3. 
The spectrum of pure B„0„ glass is characterised by a strong, 3 
sharp and highly polarised band at 806 cm . The origin of this 
band hfis been the subject of extensive investigations which have 
resulted in its assignment to the symmetric ring breathing 
7-10 
vibration of the boroxol ring 
The addition of alkali oxide transforms the insulating 
boroxol glass into a good ionic conductor. The dissociation of the 
alkali oxide, (RpO) into RO and the R ions results in the 
transformation of the boroxol rings into complex network involving 
boroxol ring coupled with atleas't one fourfold coordinated boron 
and a subsequent increase in the ionic conductivity due to the 
103 
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FIG. 4.1: Raman spectra of lithium borate glasses in the system 
xLi^O.(l-x)B^O„ for different Li^O (x) content. 
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FIG.4.2: Raman spectra of sodium borate glasses in the system 
xNa„0.(l-x)B„0„ for different Na^O (x) content. 
100 300 500 700 " 900 1100 • 1300 1500 
RAMAN SHIFT (cm"^) 
FIG. 4.3: Raman spectra of potassium borate glasses in the syst 
em 
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TABLE - 4.1: Observed Raman bands (cm ) in lithium borate glasses 
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TABLE - 4.2: Observed Raman bands (cm ) in sodium borate glasses 
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TABLE - 4.3: Observed Raman bands (cm ) in potassium borate 
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mobile nature of R ions. The number of fourfold coordinated 
borons in the network increases with increasing R^ O concentration 
upto a critical value. The experimental evidence for such a 
process is the appearance of a Raman band around 770 cm together 
with the decrease in intensity of the 806 cm band. The total 
disappearance of the band at • 806 cm is observed at 0.20 
concentration of Li„0 in the LiB glass, while in the case of 
sodium and potassium borate glasses, this feature is observed at 
0.25 and 0.30 concentration respectively. The band in the region 
760-780 cm" has been assigned to the breathing vibration of the 
six membered ring containing both BO,^  triangles and BO. 
tetrahedra . The shift in the position of this band with 
concentration of R^ O is shown in Fig.4.4. 
The structural change that takes place in the B-0 network 
with the addition of Li„0 in B„0„ has been discussed by Dwivedi 
5 
et.al . The addition of Li^O to B^0„ results in the progressive 
formation of tri-, tetra-, penta-, meta-, ortho- and pyroborate 
groups coupled with the destruction of some of the groups. In the 
present Chapter we are discussing only those bands which originate 
due to the borate groups containing non-bridging oxygens (NBO's). 
The band at 660 cm" in the Raman spectra of LiB glasses (Fig.4.1) 
first increases in intensity with x upto x=0.25 and then starts to 
decrease and finally disappears at x=0.40 concentration with the 
appearance of a new band at 635 cm" for x=0.50 concentration. The 
band at 660 cm has been attributed to the pentaborate group 
no 
FIG. 4.4: The position of Raman band around 770 cm as a function 
of alkali oxide (R^O) content in B^O^. 
• >LiB; + >NaB; o >KB 
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while the new band appearing at 635 cm for x=0.50 concentration 
11 is due to the vibration of the ring type metaborate groups . In 
the case of sodium borate glass (Fig.4.2) this band has been 
observed at 630 cm for x=0.35 concentration and in potassium 
borate glasses at 615 cm for x=0.25 concentration. The 
appearance of this band in NaB and KB glasses at lower 
concentrations of alkali oxides indicates that the formation rate 
of non-bridging oxygens increases as the size of the cation is 
increased. The bands at 855 cm and 1210 cm in the Raman 
spectrum of LiB glass develop at x>0.25 concentration and grow in 
intensity as the concentration of Li^O is increased. These bands 
may be assigned to the symmetric stretching of the B-O-B bridges 
and to the stretching of the terminal B-0~ bonds respectively in 
-4 12 pyroborate (.^2^5 ^ anions . In NaB and KB glasses the presence 
of pyroborate groups has been observed at still lower 
concentrations. The asignments of observed Raman bands in alkali 
borate glasses are given in Table-4.4. 
The full width at half maximum [FWHM] of the band around 
770cm is larger for LiB glasses than for sodium or potassium 
borate glasses. The broadening of this band is caused by the 
anharmonic coupling of the alkali ions with the BO. groups in the 
borate rings. In the lithium bornte glass relatively larger number 
of borate rings with BO. groups are formed than in NaB or KB 
glasses. Therefore the effect of the anharmonicity associated with 
the motion of alkali ions with borate rings will be appreciable 
112 
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TABLE-4.4: Assignment of Raman bands in alkali borate glasses 
BAND POSITION ASSIGNMENTS 
< c m > 
806 symmetric ring breathing vibration of the boroxol 
ring 
760-780 ring breathing vibration of six membered ring 
containing B0„ triangles and BO. tetrahedrals 
635 ring breathing vibration of ring type metaborate 
855 symmetric stretching vibration of B-O-B bridges 
in pyroborate units 
1210 symmetric stretching vibration of terminal B-0 
bonds in pyroborate units 
-3 
895 symmetric stretching vibration of planar B0„ 
-3 
asymmetric stretching of B0„ units 
_3 










denote the existance of 80^0^ unit -3 
'2 
due to undissociated carbonates 
due to pentaborate and tetraborate groups 
due to penta-, tetra- and diborate groups 
stretching of B-0 bonds attached to large number 
of borate groups 
13 
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+ + 
for lighter alkali ions i.e. for Li and decreases as vje go to K . 
The intensity ratio of the bands around 770 cm and 805 cm 
i^Tjn/^anO ^ ° ^ alkali borate glasses at different compositions of 
R 0 is shown in Fig.4.5. It clearly demonstrates that this ratio 
which is a good measure of the formation rate of BO. groups (i.e. 
boron in fourfold coordination N.) in borate glasses, is higher 
for lithium borate glasses and decreases as the mass of the cation 
is increased at any particular glass composition. 
The fraction of boron in fourfold coordination (N.) was 
4 
calculated by Zhong & Bray from NMR studies of alkali borate 
glasses at different compositions of R^O. The shift of the maximum 
value of the N. to lower R^O value as the alkali ion size 
increases indicates more favourable formation rate of NBO's as the 
alkali ion size increases. A similar feature has been reported by 
13 14 
Shelby et. al. and Martin et. al. for the glass transition 
temperature (T ) of alkali borate glasses. The Raman results as 
discussed above can explain satisfactorily the dependance of N. 
and T on the mass and size of the alkali ion employed. s 
Raman spectroscopic studies of alkali borate glasses at 
different concentrations of R^O reveal the possibility of two 
chemical processes under which the alkali ion is dispersed- in the 
glassed. The first process, operative at lower concentrations of 
R2O, leads to the formation of boron in fourfold coordination i.e. 
BO^ units in which an electron from the alkali is attached to the 
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FIG. 4.5: The intensity ratio of the bands around 770 & 806 cni 
for alkali borate glasses at different concentration of 
alkali oxide (R^O). 
• >LiB; + >NaB; © >KB 
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ion (R ) is placed adjacent to the negative BO^ unit to provide 
the local charge neutrality. This process can be represented as: 










The second process is the formation of a non-bridging oxygen 
(0~) placed adjacent to the positive alkali ion. We can write the 




;^B 0 B^  
.0-
^0-
4- R^O :B- -0 R 
-0" 
The negative coulombic potential energy of the BO -R 
configuration will presumably decrease in magnitude as the alkali 
ion size increases. But one would expect the separation between 
+ -
the R ionic charge and the 0 to be less than the separation of 
the R from the effective center of the distributed negative 
charge on the BO. , and the deeper potential well for the 0~-R 
configuration would favour the formation of non-bridging oxygens. 
The dependence of T^ on N. can also be understood from the 
g 4 
two chemical mechanisms discussed above. It has been found ' 
that T first increases with the increase of alkali content upto a 
critical value and then decreases. The increase of T is due to 
g 
the formation of tetrahedral groups which involve 3-dimensional 
bonding and results in the increase of network coherence upto a 
critical value. Above this concentration, the formation of planar 
1 16 
CHAPTER - IV 
B0„ units containing non-bridging oxygens takes place which 
o 
decreases the network coherence and consequently the decrease in 
4.2.2 COUPLING OF ALKALI ION WITH BORATE RING: 
The position of the Raman band around 770 cm is different 
for different alkali ions employed (fig.4.4). The dependence of 
the position of this band on the mass of the alkali cation used 
can be understood by means of a simple model consisting of two 
weakly coupled harmonic oscillators. One harmonic oscillator 
represents the vibrating borate ring (tri-, tetra- or pentaborate) 
with an eigen frequency co and an effective mass M (i.e. the mass 
of an oxygen atom). This oscillator is weakly coupled to a second 
oscillator which represents the vibrating alkali ion with an eigen 
frequency w and an effective mass M (i.e. the mass of an alkali 
atom). The system of the two coupled oscillators will have two 
eigen frequencies: 
2 . ,_ , 2 2 2 . ^ , „ r / 2 2 2_2 , 2 2 _ l / 2 
w = 1 / 2 ( o + CO + 60 ) + 1 / 2 [(CO + CO + u> ) - 460 CO ]-^z " 
( 4 . 1 ) 
w , ' ' = 1 / 2 <i(^J+ 00^+ <o ^ ) - 1 / 2 [ ( ( o "^ 4 co^+ CO ' ' ) 2 - 4co " " c o ^ J ^ / ^ 
( 4 . 2 ) 
w h e r e co = [M /M ']^^^ .00 
a. 1 O-" 1 
15 Kamitsos et.al. have obtained experimentally the vibrational 
frequencies associated with the alkali ions in alkali borate 
glasses by means of far-infrared measurements. They deconvoluted 
the far-IR spectral envelopes of alkali borate glasses, by 
1.7 
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Utilising the BANDSIM BRUKER PROGRAM. The deconvolution of far-IR 
contours shows the presence of two bands originating from the 
distribution of alkali ions in the two network sites. The far-IR 
data for glasses in the compositional range upto x=0.35 are 
presented in table-4.5: here w and w^  denote the frequencies of 
the peaks of the high and low frequency components obtained by the 
deconvolution. If we take the positions of the peaks of the high 
frequency component (w„) to be "w and tentatively fix w_=730 cm 
( for a borate ring with one BO. group), then we find for x=0.10 
for lithium borate glasses 
Sodium borate glasses 
Potassium borate glasses 
w = 773 cm •*• & w = 326 cm ^  
w = 761 cm"-^  & w = 167 cm"-^  
Ol 11 
w = 761 cm"'^  & w = 131 cm~^ 
Ol 11 
For a borate ring with two BO. group (ditri- or dipentaborate), 
the eigen frequency oy is lower than that for a borate ring with 
one BO- group. We assume it to be 700 cm . On solving eqn, (4.1) 
and (4.2) for x=0.35, we obtain 
for lithium borate glasses 
Sodium borate glasses 
Potassium borate glasses 
The eigen frequency resulting from eqn.(4.1) is larger than 
o) = 765 cm •"• & CO = 366 cm ^  
Ol 11 
w = 761 cm"'^  & w = 218 cm"''-
Ol 11 
w - 760 cm"'^  & CO = 170 cm~^ 
Ol 11 
the theoretical frequency w^, wheras the eigen frequency resulting 
from eqn. (4.2) is smaller than the cation frequency w^ . Thus the 
difference in the peak positions of the Raman band attributed to 
borate ring for LIB, Nul\ nt\d KB glasses can bo explained 
reasonably well by the simple model given above. 
I 18 
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TABLE - 4.5: Experimental values of alkali cation vibration bands 
in alkali borate glasses according to Kamitsos 
et.a]. 
co„ (cm ) CO (cm ) 
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4.2.3 LOW FREQUENCY RAMAN SPECTRA: Considerable interest has been 
shown to understand the changes in the local structure of 
disordered solids with the addition of dopants on the basis of 
light scattering experiments, especially in the low frequency or 
acoustic region. The low frequency part of the Raman spectra of 
glasses is dominated by the no called "boson" peak, which results 
from the competition between the decreasing density of vibrational 
states and the increasing thermal population that occurs as the 
1 R 
vibrational frequency decreases towards zero 
Addition of R^O to v-B^O„ gives rise to a marked shift of 2^ '2 3 
the boson peak towards highr wavenumber. The variation in position 
of the boson peak with R„0 concentration is shown in Fig.4.6. The 
ordered microregion or short correlation range [SCR] (.2a) has been 
estimated by substituting the experimentally obtained values of 
17 boson peak (<o) and velocity of transverse acoustic waves (v. ) in 
the r e l a t i o n 2ar - v./ircco ( fo r more d e t a i l see r e f . [ 5 ] ) . The 
variation of transverse velocity of acoustic waves (^ 4-) "^ci SCR 
with concentration of R„0 are shown respectively in Figs. 4.7&4.8. 
It is clear from these figures that v. increases with the rise of 
concentration of R^O in borate glasses and at a particular 
composition, v. has a larger value for the smaller alkali ion 
which decreases as the mass of alkali ion is increased.The trend 
of SCR graph shows that the ordered microregion increases with the 
mass of the cations. For pure v-B^'^^, the SCR C2cr] has been 
calculated to be 8A by Lorosch et.al. from their Raman study. 
\ 20 
FIG. 4.6: The position of Boson peak for alkali borate glasses as a 
function of R„0 (x) content 
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FIG. 4 . 7 : The v a r i a t i o n of t r a n s v e r s e v e l o c i t y ("^f) of a c o u s t i c 
waves a s a f u n c t i o n of a l k a l i o x i d e c o n t e n t (R^O) . 
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FIG. 4.8: The variation of Short Correlation Range (SCR) as a 
function of alkali oxide content (R„0). 
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which is larger than the diameter of one boroxal ring (>5,6 A). 
For LiB glasses, in the compositional range 0.10 :^  x :^  0.50, the 
SCR does not exceed the diameter of one boroxol ring (2«J < 5.6 A) 
but as the cation mass is increased it approaches a value which is 
of the order of the diameter of more than one boroxol ring. 
Actually, the position of boson peak is influenced by two 
factors: (i) velocity of acoustic waves ("v. ) and (ii) Short 
correlation range (2cr). These parameters are related to the 
structure of the network in borate glasses at different R^ O 
concentrations. The formation of fourfold coordinated boron atoms 
decreases the preferential ordering of the BOo triangles and 
therefore reduces the value of 2a. As the mass of the cation is 
increased, the formation of non-bridging oxygens is initiated 
which clowB down the t,rnnr,f ormntion of boron from 3 l,(» 4 
coordination. Therefore, at any particular composition the SCR in 
alkali borate glasses increases as the mass of alkali ions is 
+ -I-
mcreased from Li to K . 
4.3 CONCLUSIONS 
The systematic study of alkali borate glasses in the system 
XR2O.(l-x)B^Oo for R = Li, Na & K, demonstrates the following 
points: 
(1) The process of transformation of boron atom from 3 to 4-
coordination strongly depends on the mass of the alkali ion. The 
formaition rate of BO. units (N^) decreases as the mass of the 
124 
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alkali ion is increased. 
(2) The heavy cations are not easily dispersed in the network 
interstitially and favour the formation of non-bridging oxygens. 
In the case of lithium ion, a stronger network structure is formed 
due to the formation of BO. units attached to a fairly large 
borate cyclic ring. This process is less effective for heavier 
cations due to the enhanced formation of non-bridging oxygens. 
(3) The low frequency Raman spectra of alkali borate glasses have 
characteristics which are different for different alkali ions 
employed. The short correlation range (2cr) for lithium borate 
glasses has been calculated to be less than the diameter of one 
six membered borate ring. As the mass of the cation is increased, 
2cr also increases and approaches the value which exceeds the 
dimension of one six membered ring. This feature indicates that 
disorder is more pronounced for the lighter cation and decreases 
with the increase of cation mass. 
125 
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5. DYNAMICS OF ALKALI BORATE GLASSES 
5.1 INTRODUCTION 
The network dynamics method, introduced by Sen and Thorpe 
considers only nearest-neighbour central forces in the continuous 
random network under consideration. The other forces, for example, 
long-range Coulomb and angle bending forces, are much smaller in 
2 
many cases. Thorpe and Galeener have put the central force model 
of Sen and Thorpe in a more general framework using Lagrangian 
formulation. With this extension, the vibrational spectrum of any 
' covalently bonded network within the nearest-neighbour central 
force approximation can be discussed. Network analysis for the 
glass former v-B^O^ has been discussed in Chapter-I. 
It has been established that the far-infrared spectroscopy 
is a useful probe to study the interactions of cations with their 
3-5 local environments in a variety of ionic systems . Exarhos and 
R 7 
Risen ' had shown that the metal cation-oxygen interaction in the 
metaphosphate glasses give rise to a far-IR absorption, arising 
due to the vibration of the cation in its oxygen cage. 
Subsequently, cation-motion vibrations were observed in the far-IR 
fl — 1 n 
spectra of various other glass compositions " , and they proved 
to give valuable information for understanding the glass 
11 17 properties such as transport and glass transition phenomenon . 
13 Nelson and Exarhos demonstrated that the studies of the 
cation site interaction in the far-IR, can be used to distinguish 
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between metal cations exhibiting predominantly covalent and 
catior\s exhibiting mainly ionic interaction with their oxygen 
sites. 
The vibrations of cations in their anionic sites provide a 
direct measurement of the forces of interaction between cations 
and the oxygen anions. An understanding of the variation with 
composition of the frequency as well as the intensity of the 
cation motion band requires a consideration of all factors 
affecting the cation site interactions. It was shown by Nelson and 
13 Exarhos that for glasses where the cation site interactions are 
predominantely ionic, a simplified type of Born-Mayer potential 
can describe the cation site interaction. The Born-Mayer potential 
considers the electrostatic attraction and the repulsive terms as 
the main contributions to the lattice energy of the ionic 
crystals. Van der Waals and polarization terms are completely 
ignored. 
In the present Chapter, the network dynamic model has been 
applied to lithium borate glasses using the results of two-, 
three- and fourfold coordinated boron atoms. Good agreement has 
been observed between the theoretical and the experimental 
results. The compositional dependence of cation motion bands for 
alkali borate glasses has been discussed. Force constants of the 
cation motion bands have been calculated and their dependence on 
T (Glass transition temperature) and N. (fourfold coordinated 
boron atoms) have also been discussed. 
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5.3 RESULTS AND DISCUSSION 
5.2.1 NETWORK DYNAMIC STUDIES OF VIBRATIONAL MODES IN LITHIUM 
BORATE GLASSES 
5.2.1.1 LAGRANGIAN FORMULATION OF NETWORK DYNAMICS 
[A] POTENTIAL_ENERGY: In the lagrangian formulation, the bond 
directions are described by unit vectors q and the amplitude of 
the displacement by q as shown in Fig.5.1. The labels 1,1', etc. 
denote the sites, or atoms in the network and A, A' etc., denote 
the bonds or directions at each site. The displacement of the 1 
atom along the A direction is written as A^*^ "*"^ ' '^^^ 
displacements q.(l), q.,(l) are associated with the same site, 
whereas q . (1), q . (1' ) are associated with the same bond. In this 
case, the potential energy of the network takes a particularly 
simple form: 
^ = "/2 (iJ-,A)CqA(l) + q^(l')]^ (5.1) 
where a is the nearest-neighbour force constant. The terms under 
the summation indicate that each bond is to be counted only once. 
If there is more than one type of bond, then there will be a 
corresponding number of separate sums for the potential energy, 
each with the appropriate force constant. 
In the case of fourfold-coordinated (or planar threefold 
coordinated) atoms, the q*(l) form an overcomplete set, so a 
constraint must be built into the lagrangian to ensure that 
2^ q^^ (l) = 0 for each atom 1. One can accomplish this by adding to 
V30 
S\TE JL 
FIG. 5.1: Nonorthogonal two dimensional coordinate system used to 
describe the displacement of a particle at site 1 to 
position P, The unit vectors q. and q„ point along the 
bond directions and the displacement is characterized by 
amplitude q.(l) and q„(l) in these directions. 
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the potential a term 
(X/2) f [g QA(1)]^ (5.2) 
and then taking the limit X >ae at the end of the calculation to 
ensure that all solutions are consistent with the constraint 
S^q^Cl) = 0 . (5.3) 
[B] KINETIC ENERGY: The exprescion for the kinetic energy depends 
on the particular local environment of the atom, i.e., whether it 
has two, three, or four nearest neighbours. 
(1) Two-coordinated atoms:- A two coordinated atom is shown in 
Fig.5.2, where the mass of the atom is m and the bond angle is &. 
The transformation between the orthogonal unit vector x, y and the 
non-orthogonal unit vectors q^  and q^ that lie along the two bonds 
can be written as 
X = (1/2) (q^-q2)/sin(0/2) (5.4) 
y = (1/2) (q^+q2)/cos(0/2) (5.5) 
If th^ atom is displaced from its equilibrium position to P, then 
the displacement is ~P~ which may either be regarded as P (x,y) 
or P (q^,q2). These amplitudes transform in the same way as the 
unit vectors so that 
X = (l/2)(q^-q2)/sin(0/2) (5.6) 
y = (l/2)(q^4-q2)/cos(0/2) (5.7) 
The kinetic energy T can now be written as 
T = (m/2)(x^ + y^ + 2^) 





FIG.5.2: Coordinate system used for a two coordinated atom. The y 
^ axis bisects the angle between the two bonds denoted by 
q^  and Qo, and the z axis is perpendicular to the y axis. 
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a = (1-cose)""^ (5.9) 
a + 2b = (l+cos0)"-^ (5.10) 
and the third generalized coordinate 9^=2. With nearest neighbour 
central forces, the potential will be independent of q„. This is 
usually referred to as a reduntant coordinate, as it leads to a 
zero frequency excitation. 
(2) Three coordinated atoms:- A three coordinated atom is shown in 
Fig.5.3, where the mass of the atom is m and the angle between any 
two of the bonds is O. The three vectors q^, q^, and q^ span the 
space. The angle made by z with either q^, q^, or q„ is ct so that 
2 2 3sin o» = 4sin (0/2). The transformation equations are: 
q. = xsino( - zcosoi (5.11) 
q2 = -(x/2)sinot + y(3^ /2)sinot - zcosot (5.12) 
qg = -(x/2)sino( - y(3 ^ /2)sina - zcosa (5.13) 
The aimplitudes transform in the same way as the unit vectors so 
that 
q. = XSina - zcosa (5.14) 
1/2 q^ = -(x/2)sino( + y(3 /2)sincx - zcosot (5.15) 
qg = -(x/2)sina - y(3"'-^ /^2)sino( - zcosot (5.16) 
The kinetic energy is given by 
T = (m/2)(>c^ + y2 + ^ 2^ 
= (m/2)Ca'(qj^^ + ^2^ + <^^) + b'(q^ + ^2 "^  "^3^^^ (5.17) 
where 
a' = (l-cos0)~-^ (5.18) 
a' + 3b' - (l+2cose)''-^ ,(5.19) 
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FIG.5.3: Coordinate system used for a three coordinated atom. The 
2 axis is symmetrically positioned with respect to q., q^ 
and qg. The x is the projection of the q. axis onto the 
plane perpendicular to z, and y completes the right 
handed set x, y, 2. 
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In the case when all the three neighbours are in the same plane, 
i.e. when ©=120°, so a=2/3, b is irrelevant and can be set equal 
to zero, and again the constraint mentioned previously is built 
into the lagrangian. 
(3) Four coordinated atoms:- A four coordinated atom is shown in 
Fig.5.4, where the mass is m and the four bonds are assumed to be 
perfectly tetrahedral. The kinetic energy can be expressed in 
terms of q., q^, and q„, only using the result for three 
coordinated atoms with ©=cos (-1/3), i.e. 
T = (m/2)[(3/4)(q^^+q2^+q22) + (3/4)(q^+42+q3)^] (5.20) 
Introducing the fourth coordinate axis q., this can be rewritten 
as 
T = (3m/8) l<i^'^+q^^+q/+q^^l . (5.21) 
with the constraint 
qj^+q2"';^3"*'<34 = o, or 
g q^(l) = 0 (5.22) 
[C] EQUATigNS_OF_MOTION: 
The complete Lagrangian L is defined by 
L({q^;4i}) = T({0^}) - V({q^}) (5.23) 
where the curly brackets, { }, indicate the set of q. for all 
the atoms i. The equations of motions are then given by 
d(dL/ac5^)/dt - ^L/^q^ = 0 • (5.24) 
The simplest possible network for the borate glass, v-B.,Oo 
consists only of planar triangles joined by bridging oxygens. This 
2 
network has been treated by Thorpe and Galeener , who showed that 
rae 
Qi 
FIG. 5.4: Coordinate system used for a four coordinated atom, where 
the four bonds q., q„, 
tetrahedron. 
q„ and q. form a perfect 
the central-force eigen frequencies of this network are given by 
J- - (o(/2)+(3a/2M)±{(3c«/4M)^4-(o.cose/Tn)^+£:(a2cos0)/2inM}^/^ 
(5.25) 
where oi is the central force constant, £ are eigen values of the 
connectivity matrix, for this case -35£<3, m is the mass of the 
oxygen, M is the mass of the boron, and Q is the B-O-B bending 
angle. 
14 Galeener and Thorpe have discussed the introduction of 
sixfold boroxol rings into the network, as shown in Fig.5.5. The 
eigen frequencies are again given by eqn.5.25 but now -2:5£^ 0^ and 
1<£<3. 
5.a.1.2 ALLOWED CENTRAL-FORCE FREQUENCY BANDS IN LITHIUM BORATE 
GLASSES 
It has been found that the addition of lithium oxide to 
v-B^Oo is accompained by the appearance of structural groups 
containing fourfold coordinated borons (Section 3.3.1, Chapter 
III). In addition, the number of fourfold coordinated boron atoms 
increases with the concentration of the Li^O, upto a critical 
value. With this in mind, we consider a network containing both 
three-fold and four-fold coordinated borons. Indeed for the 
composition x=0.20 in the system xLi^O.(l-x)B202, one can envision 
a network of equal numbers of three-fold and fourfold coordinated 
borons. One such network, with each threefold coordinated boron 
coupled to a fourfold coordinated boron atom via a bridging oxygen 
is shown in Fig. 5.6. 1 • 
FIG 5.5: Local order of a B^Oo network. The 0-B-O angle is 120*^ , 
the B-O-B intermolecular bridging angle is &. In the text 
M, = M, M ^ = m, |3 = nearest neighbour central boron oxygen 
force constant. The small solid circles are boron atoms, 
the large open ones, oxygen. 
/p-
FIG. 5.6: Network considered as a possible structure of 
0.20Li20.0,80B20g. x^ is specified as being the 
motion of oxygen atom in the direction of the threefold 
coordinated boron, y^(l), and x^ toward the fourfold 
coordinated boron, q.(l). A = bond label and therefore 
dirootion. We take o-Poroe oonotRnt of fourfold 
coordinated B-0 bonds, and P that of threefold 
coordinated B-0 bonds. 
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In order to derive expression of the Lagrangian for the 
system pictured schematically in Fig.5.6, we first consider a 
network where all 0-B-O angles are tetrahedral and all B-O-B 
angles have the common value O. This type of network is pictured 
schematically in Fig.5.7. To simplify notation, we use q^d) for 
the B atoms at site 1 but x^(l) for the 0 atoms at site 1'. Using 
the results of Section 5.2.1.1 the kinetic and potential energies 
for four coordinated boron atoms can be written as: 
T:^ = (3m/8) 2^AI^*^^(1)]^ (5.26) 
where m is the mass of the boron atom ^iS^) = 0 is the constraint 
for all 1 and 
V^ = (a/2) (i^ i'^ A)'^ A^^ ^^ "^ A^<^ '^^ ^ "" ^ ^^^^ f t^'^^d)]^ (5.27) 
As X >oe, some of the frequencies become infinite, and the 
remaining finite frequencies are consistent with the constraints 
I q^(l) = 0 for all 1. 
The BO. tetrahedrals as shown in Fig.5.7 are coupled to each 
other by the same B-O-B angle &. Thus in order to derive 
Lagrangian for the network shown in Fig.5.7, we have to take into 
account a system consisting of two coordinated oxygen atoms also. 
Using the results of Section 5.2.1.1, the kinetic energy for two 
coordinated atom can be written as: 
T2 = (M/2) J[a g x/(l) + hil x^(l))^] (5.28) 
where M is the mass of the oxygen atom. 
Potential energy in this case is negligibly small and can thus be 
assumed to be 2ero; 
141 
FIG.5.7: Schematic drawing showing a piece of BO- network. The 
boron atoms are tetrahedrally coordinated, and the B-O-B 
angles are O. 9^(1) represents B atoms and x^(l) 
represents the motion for the oxygen atoms. 
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V^ = 0 ( 5 . 2 9 ) 
T h u s , t h e c o m p l e t e L a g r a n g i a n (L^ ) f o r t h e n e t w o r k shown in 
F i g . l j . ? can bo wrJLI.on uii 
T. = T -V +T -V 
^A 1 1 2 2 
= (3m/8) 3^^A^qA^.l)^-(^/2)^l^^X',A)'^'3A^^> + x ^ ( l ' ) 3 
- ( V 2 ) ^ C g q ^ ( l ) ] ^ + (M/2) ^Ca ^ x^^^^^^ ^ ^ { ^ x ^ ( l ) } 2 ] 
(5.30) 
In order to write Lagrangian for the network shown in 
Fig.5.6, the only quantity that must be added in eqn.5.30 is the 
Lagrangian for three coordinated boron atoms. Since the network 
shown in Fig.5.6 is quite similar to Fig.5.7, but with the 
difference that 4-coordinated boron atoms are coupled to the 
3-coordinated boron atoms by the same B-O-B angle 9. 
Using the results of Section 5.2.1.1, the kinetic and 
potential energy for 3-coordinated boron atoms can be written as: 
T3 = (m/2)a'^i:^ VA^d) (5.31) 
and potential energy 
V3 = (n/2) ^^T^, A)l^^A^^^ "^  x^d')]^ (5.32) 
Thus the Lagrangian L„ for the three coordinated boron atoms can 
be expressed as 
S = T3 - V3 
= (m/2) a'^Z^ y/(l) - (P/2) ^ i^^ ^  , A ) [y^( 1) ^ x^d')]^ 
(5.33) 
where g V^d^ - 0 
The complete Lagrangian (L) for the network shown in Fig.5.6 can 
143 
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now be obtained on combining eqns.5.30 and 5.33. Thus we have 
= (3m/8) i^A^4^(l)^-(«/2)^^2:^.^^^Cq^(l) + x^(l')] 
-(X/2) 5 [gq^(l)]^ + (M/2) f[8 g x/(l) + b {gx^(l)}^] 
+ (m/2) a'l^A^A^^^^ ' ^^/^^ (l?l',A)'^yA^^^ "*• ^2^^'-^^^ 
(5.34) 
where the term q*(l) corresponds to the displacement for the 
fourfold coordinated borons, y^ "^*"^  ^^^ that of the threefold 
coordinated borons, and x^, x^ for the oxygen in the direction of 
y(l)> q(l)> respectively, and again mass of the boron atom is m 
and that of the oxygen atom is M, 
Taking q=q expCicot), the equation of motion become 
(o(-3mco^ /4) q^d) + «x^(l) + XQ(1) = 0 (5.35) 
(ot-Maa>2)x^ (l) + o(q^ (l) - MbA(l) = 0 (5.36) 
(P-MaN>^)x2(l) + ny^d) - Mbc*>^ X(l) = 0 (5.37) 
(P-ma'<o^)q^(l) + Px2(l) + XY(1) = 0 (5.38) 
Eliminating x.(l) and x^d) from the first and last of these 
equations while using the other two, gives the result 
(o<^-3mw^/4)q^(l) + a'y^d) + XQ(1) = 0 (5.39) 
(P^-ma'w^)q^(l) + a'q^d) + XY( 1) = 0 (5.40) 
where the frequency dependent force constant oi', a and P., are 
defined as 
Oi' - M<o2o(Pcos0/[(Mw^)^ - (a+P)Mw2 + aPsin^e] . (5.41) 
a.^ - a ^ {oi^(Mw^-Psin^©)/[(Mw^)^--(o(+P)Mw2 + aPsin^©]} (5.42) 
P^ = P + {P^(Mw^-otsin^0)/[(Mw^)^-(o(+p)Mw^ + aPsin^O]} (5.43) 
44 
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Equations 5.39 and 5.40 can be solved by first eliminating q^(l) 
from the equation, then sum over A, Now we go back to eqns.5.39 
and 5.40, eliminate y^(D, and sum over 'A. We thus find two 
relations of the form: 
£ Q(l)/A + 2 Y d ) = 0 (5.44) 
a " 
£^Y(1)/X + ^ Q(l) = 0 (5.45) 
with 
£ = C(a^-3mw^/4)(P^-ma'w2)-(o«')2+4\(p^_ma'w^)]/(-c<') (5.46) 
•^b " tC«j^-3mw^/4)(P^-ma'w2)-(a')^+3X(o(^-3mw2/4)3/(-a') (5.47) 
and c £ - c , where 05£<(Z Z. )"^^^ and Z is the number of 
a b a b a 
neighbours an atom of type a has. After taking the limit X >OE, 
the relation which determines the central force eigen frequencies 
of the network is found to be 
12(nj^-ma'w2) (a^-3mto^/4) = (a'.e)^ (5.48) 
This equation determines the allowed central-force frequency bands 
as a function of the force constant « and P, the masses, and the 
bridging angle 0. The equations 5.41-5.48 remain valid if we 
replace co by itse wavenumber equivalent W(cm~ ); ot by o(/0.0593, 
3 
where oi=o((dyne/cm) = 10 ot(N/m), P by P/G.0593, where 
3 
P=P(dyne/cm)=10 P(N/m), m and M being the atomic weight of the 
boron and oxygen atom respectively. 
The results of network-dynamics calculation on the system 
xLi20.(l-x)B20g for x=0.20 are presemted in Fig.5.8 and have been 
compared with our experimental•results in Table-5.1. The network 
dynamics calculation for this composition has the best fit for 
140 
kOO 600 900 tOOO 1200 J^ OO 1600 
WAVE NUMBER (cm"') 
FIG. S. 8: Network dynamicG results for 0.ZOLi^O.0.80B„0„. The 
ratio of force constants of threefold coordinated B-0 
bonds to that of fourfold coordinated ones is o = o(/(l=0.8. 
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TABLE - 5.1: The comparison of network dynamics and Raman spectral 
results for the glass system 0.20Li20.0.8OB2O2. The 
ratio of the force constants of threefold coordinated 
B-0 bonds (P) to that of fourfold coordinated ones 
(a> is c=a/n=0.8. The network dynamics results has 
been shown for 0=120*^  and 90*^ . 
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c=p/«=0.8 (i.e. the ratio of force constants of threefold and 
fourfold coordinated B-0 bonds is 0.8), where P was taken as 
470N/m. It is interesting that as the bridging angle d approaches 
90*^ , the modes decouple into low frequency singlet and high 
frequency triplets characteristic of the threefold and fourfold 
coordinated molecules. 
5.2.2 COMPOSITIONAL DEPENDENCE OF THE CATION MOTION BAND FREQUENCY 
Using the simplified Born-Mayer potential, the potential 
15 
energy per molecule can be written as 
U = -ex Q^ Q^/r + zXe~^^'^ (5.49) 
where Q and Q. are the charges of the cation and anion, 
C o 
respectively, r is the separation of the ions, z is the number of 
nearest neighbour anions, >^  and p are empirical constants and a is 
the Madelung constant. 
Crystallographic studies of various crystalline sodium 
1 R 17 
-borate compounds ' have shown that the number of nearest 
oxygen neighbours of a sodium cation varies from 5 to 8. In the 
glassy state it is then reasonable to assign an average of 2=6 
nearest neighbour oxygens around sodium cation and to approximate 
this oxygen environment as nearly octahedral. 
Assuming an octahedral type arrangement of oxygens around 
cation, eqn.5.49 can be rewritten in terms of the equilibrium 
internuclear distance r^  and the change in the internuclear 
1 R 
distarvce Ar, as follows 
U = - a Q^Q^ [l/(rQ+Ar) + l/(rQ-Ar) + 4/{(rQ2+(Ar )^ } ^ /^ ]^ 
1 48 
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+ >>-[exp{-(rQ+Ar)/p} + exp{-( TQ-AI: )/p} 
+ 4exp{-[rQ^+(Ar)2]^/2/p}] (5.50) 
Differentiating U with respect to Ar and approximating the 
2 
products of (Ar) by zero, we obtain 
dU/^(Ar) = X/p expC-r^ /p] Cexp{Ar/p} - exp{-Ar/p}-4 A r / r ^ ] 
( 5 . 5 1 ) 
Expanding the exponentials in brackets in eqn.5.51 in Taylor series 
and collecting terms gives: 
au/^^Ar) = 2X/prQ [(r^/p) - 2] exp [-r^/pJAr (5.52) 
The force constants for a simple harmonic oscillator under the 
influence of a potential U can now be obtained: 
F = d^U/^(Ar)^ = d/d(Ar) {.au/dAr} = 2X/prQ [(rQ/p)-2] expE-r^/p] 
(5.53) 
The minimum of the potential energy occurs at ^ = ^ n^- where the 
first derivative of U equals zero: 
[dU/<9r]j^ r "^"^A/^O^ ~ ^^^'^ expC-r^/P] = 0 ( 5 . 5 4 ) 
Combining eqns. 5.53 and 5.54 gives 
F-= 2aQ^Q^/zrQ^ [(rQ/p)-2] (5.55) 
At the minimum of the potential well (r = rj^), the simple harmonic 
oscillator relationship gives: 
F = 4n-2G^ Mi>^  (5.56) 
where o is the speed of light, M is the reduced mass, and i^  is the 
frequency of oscillation in cm" . The only infrared allowed 
stretching mode of a cation in an octahedral site is the T. mode. 
Assuming that the cation vibrations are effectively decoupled-from 
i 4 9 
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the vibration of the boron-oxygen network, the reduced mass can be 
approximated by the mass of the oscillating cation, m. The 
dependence of the cation-motion frequency on cation parameters can 
now be derived from eqns.5.55 and 5.56. Replacing M by m and Q^JQA 
by Q Q./4iT£^ g, where e is the perraitivity of free space, then in 
the SI system: 
1.2 = [o/SiT^c^fiQ] q'^q'^/mzr^^ [(rQ/p)-2] (5.57) 
Eqn.5.57 gives the peak frequency of the cation-motion band as a 
function of cation charge and mass (Q , m), as well as of size 
(rp,, z) and charge (QA) of the cation-containing oxygen 
environment. 
19 Kamitsos et.al. deconvoluted the far-infrared contours of 
alkali borate glasses, by utilising the BANDSIM BRUKER PROGRAM. 
The deconvolution of far-infrared envelopes shows the presence of 
two bands originating presumably from the distribution of cations 
in the two sites. The deconvolution of the infrared spectrum of a 
19 typical lithium borate glass (x=0.55) is shown in Fig.5.9. 
Having demonstrated the existence of two kinds of cation sites for 
the glasses, it becomes obvious that the force constant, F, 
representing the overall interaction between the cation and the 
network should be defined in such a way that it takes account of 
20 the effect of both types of cations. Kamitsos et.al. assumed 
that q and q^ are the mole fractions (q„ + q^  = 1) of cations 
residing at the high and low potential energy sites respectively. 
So tH*e effective, or overall, force constant may be given by their 
30 
1600 1200 800 t^ oo 
WAVE NUMBERS Cm'' 
0 
FIG. 5.9: Example of cieconvolu t ion of the infrared spectrum of a 
typical lithium borate glass (x=0.55). , 
Experimental spectrum; , Gaussian component 
bands. 
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linear average: 
where F„ and F^. are the force constants of cations vibrating in 
high and low energy sites respectively. 
* Using eqn.5.56, the force constant for the two sites can be 
represented as: 
F^ = 4n-2c^ |ii>j^ ^ (5.5ga) 
Fj^  = 4iT^ c^ |ii>L^  (5.59b) 
where c is the speed of light and M is the reduced mass of the 
cation vibration. 
The quantities which now have to be evaluated are the 
20 fractions q„ and q^  , It has been shown that 
q^ = 1/(1+P) (5.60) 
where P is given by 
n = N^/Nj^ = <A>L^H^/'^^^H'^L^ (5.61) 
in which Ny and N„ are the number of cations at the low and high 
energy sites respectively and <A>T ^"^ '^ '^''H ^^® ^^^^ integrated 
intensities of the corresponding cation-motion bands. These band 
intensities are obtained by deconvoluting the far-IR envelopes and 
thus q.. may be calculated from eqns.5.60 and 5.61. Dooonvolution 
parameters of the infrared spectrum of the glass xLi^O.(l-x)B202 
for x=:0.55 are given in Table- 5.2. The far-IR data for alkali 
borate glasses in the compositional range upto x=G.35 have been 
presented in Table-5.3: here, v and v denote the frequencies of 
the peaks of the high and low frequency components obtained by the 
152 
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TABLE -S.2: Deconvolution parameters of the infrared spectrum of 
20 















































































TABLE -5.3: Alkali cation vibration bands in alkali borate glasses 
20 
according to Kamitsos et.al. 
X 
Vyj (cm" ) v^ (cm ) 
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deconvolution. 
The compositional dependence of q„ obtained through 
ns.5.60 and 5.61 are shown in Fig.5.10, while compositional eq 
2 2 dependence of !>,, and i^^ are shown in Fig. 5. 11. To account for 
the compositional dependence of q„ explanation could be based on 
the preference of each alkali cation to form specific borate 
groups: at high values of x, lithium cations favour the formation 
4-
of small, highly charged units such as pyroborate (B^O^ ) and 
c O 
3_ 
orthoborate (B0„ ) groups which provide anionic sites with a high 
charge density and thus a high cation vibrational frequency. 
Values of the effective force constant obtained through 
eqns.5.58 and 5.59 are listed in Table- 5.4, in which a systematic 
decrease in F with increasing alkali oxide content is clearly 
shown. 
5.2.3 GLASS TRANSITION PHENOMENA-. The glass transition phenomenon 
in oxide glasses is related to interactions between the cations 
and Ihe network in such systems. This was demonstrated by Exarhos 
12 
et.al. who related the glass transition temperature, T , to the 
force constant of the cation vibration, F, by: 
Tg = F <q^>g/Ak + <n>,,. hci-'^ /^k (5.62) 
where k is Boltzmann's constant, t>^ is the frequency of the cation 
2 
vibration, <q >g is the mean square amplitude of this vibration at 
0 K,.<n>^ is the average excitation quantum number at T , h is the 
Planck's constant, c is the speed of light, and A is a function of 
the frequency and the bandwidth of the cation motion band. 
155 
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FIG.5.10: Compositional dependence of the mole fraction of cations 
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FIG. 5.11: CaD Compositional dependence of v^^, where i-*^  is the 
frequency of the hij^ her energy Gaussian component of 
a cation motion far-IR envelope. 
Cb) Compositiona] dependence of -^^  , where i->^^  is the 
frequency of tiic- lower energy Uausuian component of 
Ihe cation mention far-fR onveiope. 
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TABLE-5.4: Force constants of the cation vibrations and glass 
transition temperatures ;Tg values were obtained from 
reference [21] . 
F(10 dyne/cm) 
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Glass transition studies on alkali borate glasses show that 
the initial addition of alkali metal oxide C^?^^ increases T , 
21 
which attains its maximum value at approximately 30mol% M2O ; 
further addition of alkali oxide causes a systematic decrease in 
T . The dependence of T^ upon composition has been discussed in 
S S 
terms of structural changes in the covalent boron-oxygen network 
brought about by the alkali oxide. Thus, the increase in T is 
s 
associated with the formation of BO. tetrahedra which serve to 
21 
cross link the network by covalent B~0 bonds . On the other hand, 
the formation of non-bridging oxygens for M„0 contents higher than 
about 30mol% causes a disruption of the borate network and 
21 ?? 
consequently a decrease in Tg ' " ^. 
20 Kamitsos et.al. have investigated the dependence of the 
glass transition temperature on the interactions between the 
cation and the network in binary alkali boarte glasses. This study 
is particularly interesting, confiidering the complex behaviour of 
T and the fact that more than one anionic site distribution and 
thus different kinds of interactions between the cations and the 
network, were obtained from an analysis of the far-infrared 
spectra of alkali borate glasses. Force constants of the cation 
vibration obtained through eqns.5.58 and 5.59 and the glass 
transition temperatures for alkali borate glasses are shown in 
Table-5.4. The T values are those reported by Shelby^^. 
Eisenberg and Ray have discussed the effects of cations 
on the glass transition temperature of oxide glasses. It may be 
t^J9 
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considered here that there are three main factors by which cations 
may have an effect on T : 
(1) the density of covalent cross linking, which in borate glasses 
is expressed by the fraction of boron atoms in fourfold 
coordination, N.; 
(2) The number and strength of the interactions between cations 
and oxygen atoms which provide intersegmental cross linking; 
(3) and the tightness of packing of the glass network. 
Table-5.4 demonstrates the fact that when the effective force 
constant is used to express the total cation effect on T , then a 
linear dependence of T on F is obtained. 
is 22 Martin and Angell studied the dependence of '1' on N. alone g 4 
and showed that the glass transition temperature of sodium borate 
glasses also depends linearly on N. for composition upto x=0.28. 
25 Bray had shown that the experimental values of N. for lithium 
borate glasses agree well with theoretical values obtained from 
the relation N^ = x/(l-x) for 0:^ x^ 0.25, Dependence of the glass 
transition temperature of lithium borate glasses on the 
^ 25 
theoretical N. value x/(l-x) is shown in Fig.5.12 
5.3 CONCLUSIONS: 
[1] The central force nearest neighbour model for glasses is used 
to discuss the Raman vibrational data for the family of lithium 
doped borate glasses. The addition of the dopant is shown to cause 
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FIG. 5.12: Dependence of the g,lHr>r, transition temperature of lithium 
borate n^ aGr.es on the tlieoretical H^ vaiue x/(l-x). 
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threefold coordinated borons to fourfold coordinated ones. An 
extremely simple structural model for this glass gives good 
qualitative agreement with experiment. 
[2] The deconvolution of far-infrared envelope of alkali borate 
glasses shows the preference of two cation motion bands. These 
bands arise presumably from two distribution of network sites. The 
frequencies of the cation-motion bands of cation residing at high 
and low potential energy network sites increase with the increase 
of alkali oxide content in v-B^Oo. 
[3] The glass transition temperature, T , and the fraction of 
s 
boron atoms in fourfold coordination, N., depends on the 
interaction between the cations and the networks in alkali borate 
glasses. These interactions have been evaluated from the measured 
far-infrared spectra and are expressed in terms of an effective 
cation network force constant. It was shown that T depends 
g 
linearly on the effective force constant, while a similar 
behaviour was exhibited by N.. 
O 162 
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6. INVESTIGATION OF CADMIUM AND ZINC BORATE GLASSES BY RAMAN 
SPEC!ROSCOPY 
6.1 INTRODUCTION: 
An interest in the structural studies of cadmium borate 
glasses has been created recently due to the development of 
certain glass systems among the cadmium borogermanate glasses that 
exhibit ohmic photoconductivity . The investigation on cadmium 
borogermanate glasses is interesting due to the presence of two 
network forming oxides. A thorough study of the structure of 
binary cadmium borate glasses will help in understanding the 
structure of the complicated ternary systems. The cadmium borate 
glass system containing 60mol% of CdO in v-B^O^ is used in 
electret transducers for various purposes. However, a still higher 
2 
concentration of CdO in the cadmium borate glasses is required to 
make it useful as piezoelectric transducers. 
Boron oxide is well known as one of the conventional glass 
3 
formers. It was first proposed by Krogh-Moe that the structure of 
v-B20g consists of a random network of boroxol rings B„Op and BO^ 
triangles connected by B-O-B linkages (bridging oxygen atoms). The 
effect of addition of alkali and alkaline-earth oxides to B^Og 
matrix in the system xMO.(l-x)B20g where (M = alkali, 
4 — 6 
alkaline-earth) has been studied in the past by many workers 
It has been observed that these oxides act as network modifiers 
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and increase the coherence degree of the network for x:^0.33. 
Further addition of alkali oxide promotes the formation of BOg 
units containing non-bridging oxygens. This phenomenon has been 
found to decrease the network coherence. 
The effect of addition of cadmium oxide to v-B^Og is quite 
different from that of alkali and alkaline-earth borate glasses. 
In cadmium borate glasses, the band at 806 cm can be seen upto 
0.50 concentration of cadmium oxide while in alkali and 
alkaline-earth borate glasses this band disappears for x2:G.25. 
This feature distinguishes the cadmium borate glass system from 
that of alkali and alkaline-earth borate glasses. 
In the present chapter we report the structural model of 
cadmium borate glasses in the system xCdO.(l-x)B„0„, for 
0.20:5x^0.80. The structural changes in the borate glass with the 
addition of cadmium oxide have been discussed in terms of ionic 
conductivity and conclusions have been drawn regarding the 
mobility of cadmium ions. These results are compared with those of 
the corresponding crystalline compounds and disc\u;sr;d in tho lip!ht. 
of the current knowledge of B^0„ glass. The effect of temperature 
on the network of cadmium borate glasses has also been 
investigated in the temperature range 25-400 C. 
The Raman spectra of zinc borate glasses in the system 
xZnO. (l-x)BoOo for (0.20<x:^0.80) have also been recorded and 
a comparative study of these glasses with cadmium borate glasses 
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has been carried out to explore the effect of the cation mass in 
determining the B-0 network and thus the specific glass structure 
at different glass compositions in the two glass systems. 
6.2 RESULTS AND DISCUSSION 
6.2.1 HIGH FREQUENCY RAMAN SPECTRA: 
Raman spectrum of v-B^O„ is dominated by a sharp and highly 
polarized band at 806 cm , which is assigned to the boroxol ring 
breathing vibration and involves motion of oxygens only rather 
than boron atoms . Raman spectra of cadmium borate glasses in the 
system xCdO.(l-x)B^O^ for (0.20<x<0.80) are shown in Fig.6.1, 
whereas the positions of the observed Raman bands at different 
compositions of cadmium oxide are tabulated in Table-6.1. 
The addition of cadmium oxide to the borate glass promotes 
the breakdown of boroxol rings and helps in the formation of BO. 
tetrahedral units. The experimental evidence for such a process is 
the appearance of a Raman band at 772 cm (for x=0.30) together 
with the decrease in intensity of the band at 806 cm . This 
confirms the network modifying nature of the cadmium oxide. 
Further addition of CdO results "in the shift of the 772 cm Raman 
band towards lower frequency with a gradual decrease in its 
7 
intensity. According to Brill , this band is attributed to the 
symmetric breathing vibration of the oxygen atoms in boroxol rings 
with BO^ units. The presence of the four coordinated borons in the 
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of cadmium borate glasses in the system 
xCdO.(l-x)B,0^ for different concentration of cadmium 
oxide (x) in B„0^ matrix. 
FIG. 6.1: Raman spectra 
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TABLE-6.1: Observed Raman bands in cadmium borate glasses in the 
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ring results in a weakening of the B-0 bonds in the ring. The 
vibrational frequency of these rings accordingly is lower than the 
boroxol ring frequencies. The presence of two four coordinated 
borons in the ring results into an even lower frequency and thus 
the Raman band shifts from 772 cm"-"- (for x=0.30) to 760 (x=0.70). 
The planar six membered rings with one BO^ tetrahedra (i.e. tri-, 
tetra-, or pentaborate groups) scatter at the displaced frequency 
of about 772 cm while those containing two BO. tetrahedra (i.e. 
ditri- or dipentaborate groups) scatter at about 760 cm . The 
existence of both types of ring structures causes the appearance 
— 1 R 
of a band contour in the range 760-772 cm 
We have already established in our earlier discussions that 
the addition of alkali oxide to boron oxide, forming thereby an 
alkali borate glass, results in the partial transformation of B0„ 
triangles to 80. tetrahedra. This process takes place in a nearly 
contiRuous manner in the binary system R„O.B„0^ (R=Li, Na, K, Rb, 
Cs) upto R20/B20g^0.5. Boroxol and tetraborate groups are assumed 
to predominate in the range below 20 mol% of R^O, while between 20 
and 30 mol% of R2O tetraborate and diborate groups are 
predominant. In the spectra shown in Fig.6.1, the presence of the 
band at 806 cm upto x=0.50 clearly indicates that the process of 
transformation of BOg to BO^ tetrahedra is slower in cadmium 
borate glass as compared to the alkali borate glasses. It can thus 
can be concluded that cadmium oxide does not break the network of 
70 
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boroxol ring significantly. 
The band located at 926 cm" appears as a strong feature in 
the spectra of the glass for x=0.80 concentration of cadmium 
oxide. A weak band at 937 cm" is observed at the low 
concentration of cadmium oxide (x=0.20). As the concentration of 
cadmium oxide is increased, this band grows in intensity with 
-I 
corresponding shift to higher wavenumbers (951 cm for x=0.50). 
With further increase of CdO content, this band first splits into 
-1 -1 
two bands located at 960 cm and 906 cm (x=0.60) and then the 
intensity of the band at 906 cm increases along with its 
continuous shift to higher wavenumbers. On the other hand the band 
at 960 cm decreases in intensity and at x=0.80 concentration of 
cadmium oxide, it completely disappears and a single strong band 
located at 926 cm remains. 
g 
Tatsumisago et. al. deconvoluted the Raman spectra of 
_ 1 
Li20.Bp0o glasses in 930-950 cm region into six Gaussian lines 
in order to determine the relative number of the various borate 
groups present in these glasses. By assigning this feature to the 
3-
orthoborate (BOg ) units, they concluded that an excessively 
large number of such units are present even in glasses with 
relatively small Li^O content (i.e. x=0.25). The analysis of the 
band located in the region 900-960 cm~-^  at different 
concentrations of cadmium oxide indicates the presence of 
different structural units. Crystalline Zn0.2B20o which consists 
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of diborate groups gives Raman peaks at 930, 980 & 1015 cm while 
crystalline lithium orthoborate SLi^O.B^Oo gives a band at 22'/ 
ovT^ ^^ . Thus it may be surmised that for x<0.60, the intensity 
increase of the 937 cm" band (x=0.20) with increasing 
concentration of cadmium oxide, may be due to the corresponding 
increase in diborate groups. The splitting of the band at x=0.60 
into two bands located at 960 & 906 cm shows the transformation 
of diborate groups into orthoborate groups. The further addition 
of cadmium oxide to the borate glass results in the increased 
number of orthoborate groups. At x=0.80 concentration, the 960 
cm band totally disappears while a single broad and strong band 
-1 located at 926 cm remaitis whicli shows the presence of 
3_ 
orthoborate groups (BOg ) only. This band has been assigned to 
- 3-
the totally symmetric stretching of B-0 bonds of BO^ units in 
orthoborate groups. 
The broad band in the region (1300-1500 cm" ) is a common 
7 10 feature of a large number of modified borate glasses ' . But in 
those glasses it was not observed to be so strong. In alkali 
11-13 borate glasses this band has been assigned to a triangular 
boron-oxygen stretch which involves non-bridging oxygens. The 
spectra shown in Fig.6.1 indicates that the number of groups 
containing B-0 initially increases with cadmium oxide content and 
then decreases as the formation of B„Oe and BO^ units (i.e 
pyroborate and orthoborate units) increases progressively. The 
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decrease in intensity of this broad band at the higher 
concentration of cadmium oxide shows the breaking up of the large 
borate groups into smaller groups containing non-bridging oxygens. 
The band located at 682 cm" (x=0,20) shifts to lower 
wavenumber as the concentration of cadmium oxide is increased and 
finally disappears at x=0.70 concentration with the appearance of 
a new band at 630 cm . Crystalline potassium pentaborate 
(o(K 0.5BoOo) gives a band at 650 cm and seems analogous to the 
-1 
band observed at 682 cm in the present investigation. Thus the 
band at 682 cm can be attributed to the pentaborate groups. The 
shift of 682 cm band and its disappearance with the formation of 
a new band located at 630 cm indicates the tansformation of 
pentaborate groups into ring type metaborate with the rise of 
concentration of cadmium oxide. 
The weak band at 720 cm (x=0.20) increases in intensity 
and appears at 700 cm" as a broad band for x=0.80. The Raman 
14 -1 
spectrum of crystalline B20„ also shows a band at 720 cm 
15 According to Gurr et.al. the network of crystalline B„0„ 
consists of chains of BOg triangles and does not contain boroxol 
rings. The same type of chains has been found in crystalline 
IS -1 
LigO.BgOg , Thus it can be concluded that 700 cm band (x=0.80) 
in cadmium borate glasses is attributed to a vibration of the 
chain type metaborate groups. This vibration, however, does not 
involve the motion of the NBO's of the metaborate groups as these 
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oxygen atoms are coupled to cadmium ions forming thereby linear 
polyhedron such as CdO^ , . CdOp. or CdOg . 
The bands located at 878 ^ 1239 cm~^ (x=0.40) are also of 
considerable interest. The 870 cm" band appears at higher 
concentration of cadmium oxide in the range 0.40:^x:^0.70. Raman 
spectrum of crystalline pyroborate compounds 2Li20.B202 gives a 
band at 840 cm" . Thus the band around 878 cm" in cadmium borate 
4-glasses may denote the presence of pyroborate (B^O^ ) groups. 
This band arises due to the symmetric stretching mode of the B-O-B 
linkages in pyroborate units. A similar feature located at 1239 
cm (x=0.40) has been assigned to the symmetric stretching mode 
4- 10 
of the terminal B-0 bonds of 3^0^ units 2 5 
In summary, the addition of cadmium oxide to v-B^Oo matrix 
shows the progressive formation of tetraborate, orthoborate, 
metaborate, pyroborate and diborate groups along with the 
destruction of some of these groups. At higher concentrations, the 
large borate groups forming the network are broken up into smaller 
units. The cadmium ion does not break the network of boroxol ring 
significantly and consequently the process of transformation of 
trigonal to tetra coord inaLion persisLis even upto x=0.70 
concentration of CdO. Schematic representation of different groups 
is shown in Fig.6.2. 
6.2.2 LOW FREQUENCY RAMAN SPECTRA: 
— 1 
The Raman spectrum of v-B^O,, shows bands at 25 & 130 cm . 
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FIG.e.a: Schematic representation of different borate 
arrangements. 
(a) boroxol unit (b) pentaborate unit 
(c) triborate unit (d) orthoborate unit 
(e) metaborate unit (chain type) (f) pyroborate unit 
(g) diborate unit (h) metaborate unit 
(ring type) 
Solid circle represents boron atoms, open circle oxygen 
atoms. 0 with nogaUvo sign reprcGents non-bridging 
oxygen. 
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The addition of cadmium oxide to v-B^Og results in a shift of the 
25 cm"'^  band for x=0 to 47 cm" for x=0.20. Further addition of 
CdO does not change the position of this low frequency Raman band 
but leads to a reduction in overall scattering intensity. The 
intensity and position of the peak at 130 cm does not change 
with concentration of the cadmium oxide. The low frequency Raman 
spectra of cadmium borate glasses for different concentrations (x) 
of CdO are shown in Fig.6.3. 
7 
Brill had obtained force constants associated with 
different modes of vibration of B„0„ ring using a free ion model. 
He studied the low frequency band called boson peak as a 
function of concentration/composition and suggested that the 25 
cm band might represent the motion of a cluster of atoms. Guha 
17 
and Walrafen assumed that the clusters of atoms contained in the 
cages are librating. They are trapped in one of the potential 
wells and the librational motion of clusters of atoms of various 
sizes may be responsible for the observed low frequency peak. The 
band located at 130 cm is another important feature of the low 
frequency Raman spectra. According to Brill the force constants 
of 0-B-O, B-O-B bendings and 0-B-O-B torsion lie approximately 
between 30-80 N/m. This value may be associated with the cluster 
mass of 30-80 amu in the simple harmonic approximation and thus 
the 130 cm band may be attributed to the librational modes of 
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for x=0.80 concentration of cadmium oxide. It is probably due to 
the formation of quasi-complex at this concentration where the 
cadmium ions are coordinated by non-bridging oxygens resulting in 
a linked polyhedron. 
1 R 
The elastic continuum model of Martin and Brenig provides 
a direct explanation for the universal presence of the low 
frequency Raman peak for oxide glasses. The model gives expression 
for the low lying vibrational mode associated mainly with the 
acoustic phonons. Subject to the condition that only phonons of 
wavevector K<<1 play a significant role in the scattering, the 
relation for the coupling coefficient (C. ) can be written as: 
C^(w) = Ao>^{3v^/v^)^exp[-(aw/v^)2] + 2exp[-(aa>/v^ )^]} 
where A is a constant that contains the fluctuation of the 
photoelastic and elastic constants; v, and v. are the velocities 
of the longitudinal and transverse acoustic waves respectively. 
The short correlation range is defined by 2a; it represents the 
extent of short range ordering where a phonon can propogate with 
no damping. 
If we neglect the second term in the above expression, C, 
exhibits a maxima for (^ - v./2iica. 
m t 
The transverse sound velocity (v^) in v-B^Og is 1780 m/s and 
oi^ = 25 cm . On substituting these values, Za comes out to be 
..lOA, It is of the order of the span of two neighbouring BO^ 
units. The two factors which determine the position of the low 
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frequency peak are the velocity of the transverse waves (v^) and 
the structural correlation range {2a). In the study of lithium 
borate glasses , it has been observed that the addition of Li^O 
to v-B^O„ leads to the increase of v, and consequently the boson 
peak shifts to higher wavenumber. The coordination change of the 
boron from three to four frustrates the preferential ordering of 
the BOo triangles and therefore reduces the short correlation 
range to the order of the diameter of one B0„ or BO^ unit, 
i,e.-.5A. In the present system, the boson peak remains constant at 
47 cm"''" for the compositional range 0.20<x<0.80 (Fig.6.3). This 
behaviour of boson peak shows that transverse velocity in cadmium 
borate glasses does not change significantly and thus it can be 
expected that short correlation length will remain constant for 
this compositional range in the cadmium borate glass system. 
6.2.3 STRUCTURAL MODEL OF CADMIUM BORATE GLASSES AND ITS 
RELATIONSHIP WITH IONIC CONDUCTIVITY 
A model proposed by Sinclair and coworkers for v-B-,0 20 
indicated that at room temperature there is likely to be an equal 
concentration of boroxol rings and BOo triangles. A random boron 
network with a high proportion of boroxol rings is shown in 
Fig.6.4. It is assumed that cage like structures (as shown by 
shaded area in Fig.6.4) of various shapes and sizes can be 
constructed in v-B^Oo f^ nd <:his random distribution of mass 
simulates the disorder in the glassy state. 
179 
FIG.6.4: Boron oxygen network in v-B^O^ at room temperature 
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The addition of a metallic oxide to the v-BJ^^ ^^^^ been 
found to increase the conduction in glasses. Ionic conductivity 
can be simply given by the relation a = NeZM, where N is the 
density of mobile ions with charge eZ, and i» is the mobility of 
ions. Hence any variation in conductivity of cadmium borate 
glasses must be attributed to the variation of density of mobile 
ions and their mobility, which in turn is related to the 
structural changes in the B-0 network with rise of concentration 
of cadmium oxide content in v-B^O„ matrix. 
Formation of different structural groups composing the 
network with changing cadmium oxide content is certainly likely to 
result in the variation in ionic conductivity. At the low 
concentration of CdO (x=0.40), boroxol ring and boroxol ring with 
one BO. tetrahedron (i.e. triborate & pentaborate) probably form 
an irregular B-0 network structure as shown in Fig.6.5(a) and most 
of the Cd ions enter the network interstitially. These large 
b o r a t e g r o u p s f o r m i n g y ii<:tu<irk mhy [ j r^^v in t 'Id i on mol, Jon dij(3 t o 
the reduction of space within which Cd ions can move. As the 
concentration of Cd ion is increased further, the boroxol ring 
with one BO. tetrahedra is converted into ditriborate and 
dipentaborate groups which form irregular B-0 network structure as 
shown in Fig.6.5(b). At x=0.70 concentration of CdO, the basic 
structural groups gradually convert into smaller ones with almost 
negligible BO^ units eg. B^Og, ^20^'^" and BO^"^' [Fig .6.5(c)] . 
181 
/ \ 
p' ® © 0 rx 
\ , — 0 0 — 0 ^ ® 0 • 0 — e ^ -.Q 
N / 
(a) x=0.40 ^ 
\ O O > — O O—< 
\ r / \ \ ^ / \ / X — o o A • — 0 0 — • 
(b) x=0.60 
^ o 
0 ® 1 ^ 






































































































. ^ N 
T) 



































































GHAn'ER - VI 
The change from large network chain to smaller units is 
expected to provide space for Cd ion motion to increase together 
with the increase in mobile ion density. Probably this will 
increase the conductivity in the cadmium borate glasses in the 
compositional range 0 . 20:5x:20. 70 . Further addition of CdO results 
3-in the formation of planar isolated orthoborate units (BOg ) 
together with the appearance of linked CdO., CdO^ or CdOe 
polyhedron. In this case, although the concentration of Cd ion is 
maximum but the interstitial sites in which Cd ion can move freely 
will probably be reduced and this structural change is expected to 
reduce the conductivity at higher concentration of CdO in v-B^O„ 
(i.e. x=0.80). The representation of the possible structure for 
this concentration is schematically shown in Fig.6.5(d). 
Thus from the structural investigation of cadmium borate 
glasses, we may conclude that Cd ions dissolve in the glass 
structure in two possible ways: 
Cl> as a network modifier in which cadmium ion occupies a site the 
geometry of which is different for different glass compositions 
[Fig.6.5(a-c)]. 
ca:) as a quasi-molecular complex in which the Cd ions are 
coordinated by non-bridging oxygens resulting in the formation of 
linked polyhedron and local rearrangement of the glass structure 
[Fig.6.5(d)]. 
The first phenomenon takes place in the compositional range 
,183 
CHAPTER - VI 
0.20:£x:^ 0,70 of cadmium oxide in V-B2O3 matrix. The further 
increase of cadmium oxide content results in the second 
phenomenon. 
6.2.4 RAMAN SPECTRA OF CADMIUM BORATE GLASSES AS A FUNCTION OF 
•» 
TEMPERATURE 
The structural changes that arise in the network of V-B2O0 
when cadmium oxide is introduced into it has been extensively 
21 investigated (Section 6.2.1). The role of CdO is quite different 
9 22-23 from that of alkali oxides ' in the borate glass. The Cd ion 
generates a weaker network structure due to the enhanced creation 
of non-bridging oxygens (NBO's) compared to alkali ion in borate 
glasses. This might be the reason of the lowering of the glass 
transition temperature (T ), with the rise of concentration of CdO 
in cadmium borate glasses. The Raman scattering studies of alkali 
borate glasses in the system xR^O.(l-x)B20^ (R=alkali ion) show 
that the process of transformation of boron from 3- to 
4-coordination persists for x^O.33. A further increase of 
concentration of alkali oxide in the borate glass results in the 
decrease of the number of borate rings which has been related to 
the formation of non-bridging oxygens for concentrations x>0.33. 
21 However, in the case of cadmium borate glasses , the process of 
transformation of boron coordination prevails even upto x=0.50 
concentration of CdO in v-B„0„ together with the formation of 
groups containing non-bridging oxygens i.e. pyro-, ortho-, ring 
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and chain type metaborates etc. Thus the conclusion that the 
formation of non-bridging oxygens decreases the number of borate 
rings <loes not seem to be valid in the case of cadmium borate 
glasses. In order to know the effect of temperature on the network 
of cadmium borate glasses containing large number of NBO's, we 
have also carried out the temperature dependence investigation on 
the system xCdO.(l-x)B20g for x=0.20, 0.50 and 0.80 in the 
temperature range (23-400 C). 
The effect of temperature on the network of cadmium borate 
glasses can be seen by a rapid change in the Raman spectra with 
the rise of temperature. It is a well established fact that the 
structure of v-B„Oo consists of a random network of the boroxol 
rings BgOg and B0„ triangles interconnected by B-O-B linkages. 
24 Galeener et.al. have discussed the vibrational decoupling of the 
rings from the rest of the network, which gives rise to the 
anomalously narrow peak in the Raman spectra at 806 cm" . This 
peak has been assigned to the symmetric breathing mode of the 
boroxol ring and involves motion of oxygens rather than boron 
25 
atoms, A recent theory using the Bethe lattice approximation 
uses the contention that this peak is due to the A. breathing 
mode of the planar boroxol ring (i^ „ in Fig,6.6) 
Walrafen et.al have shown that for v-B,,0„, the number of 
boroxol rings remains constant as the temperature is increased to 
the glass transition temperature <T ). Above T , boroxol rings are 
8 S 
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FIG.6.6: Vibrational modes of planar boroxol ring 
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broken and randomly connected BO^ triangles are formed. A similar 
conclusion was drawn in the study of alkali borate glasses by 
71 Soppe et.al . They concluded that the structural groups which 
give rise to the Raman bands at 806 cm~ and 770 cm" , apparantly 
are very stable and remain intact as long as the temperature of 
the melt is below T . The dissociation of these groups above T_ 
g g 
results in the formation of randomly connected B0„ triangles and 
BO. tetrahedra. The room temperature Raman spectra of cadmium 
borate glass in the system xCdO.(l-x)BoOo is shown in Fig.6.7, 
while the temperature dependence Raman spectra for x=0.20, 0.50 
and 0.80 in the temperature range 23-400 C are shown in 
Figs.6.8-6.10 respectively. 
The room temperature Raman spectrum of cadmium borate 
glasses at x=0.20 concentration (Fig.6.7) shows a strong band at 
805 cm"-^  with a shoulder at 776 cm"-^ . The 805 cm"-^  band 
corresponds to boroxol ring while 776 cm ' to boroxol ring 
containing one BO. tetrahedra (i.e. di-, tri- or pentaborate 
27 groups , With the rise of temperature (Fig.6.8), the intensity of 
the 805 cm band decreases along with its shift to lower 
wavenumber, while the intensity and position of the 776 cm" band 
remains nearly constant. This feature indicates that the rise of 
temperature of the glass sample results in the destruction of 
boroxol ring. 
Tlie weak band located at 480 cm shows a marked change in 
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FIG.6.7: Room temperature Raman spectra of cadmium borate glasses 
in the system xCdO.(l-x)B203 for (0.20 < x < 0.80). 
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FIG. 6.8: Temperature dependence Raman spectra of cadmium borate 
glass in the system xCdO.(l-x)B^O„ for x=0.20 
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its intensity and position as the temperature is increased 
(Fig.6.8). At 200*^ 0, this band is split into three bands located 
at 480, 500 and 540 cm" while at 300'^ C, two of them disappear and 
a single sharp band located at 500 cm remains. With further 
increase of temperature this band dimiinishes in intensity and at 
400*^ 0 only a very weak and broad bandremains. 
It may be pointed out that for pure v-B„Oo, a weak band is 
_ -I 
observed at 505 cm which corresponds to the mode J^ O (Fig.6.6) 
PR 
where the boron and oxygen atoms move in phase while the weak 
band at 465 cm has been assigned to the bending mode of the 
29 boroxol ring . The room temperature Raman spectrum of cadmium 
borate glass at x=0.20 concentration of CdO in v-B^Oo shows a band 
at 480 cm , which arises due to the bending mode of 80. units 
that ^s attached very weakly to the ring type structure. As the 
temperature is increased BO. units are detached from the ring type 
structure. Thus the bands at 480 cm and 540 cm may correspond 
to the bending mode of BO. units which are weakly coupled to the 
boroxol ring and the doubly degenerate bending mode ^^^ of free BO. 
(Fig.6.11) while the band at 500 cm" corresponds to the in-phase 
movement of boron and oxygen atom of boroxol ring (i^^ in Fig.6.6). 
At 300*^ 0, the disappearance of 480 and 540 cm" band indicates the 
destruction of BO^ units which are responsible for the appearance 
of these bands in the Raman spectrum. With further increase of 
temperature the mod.e 1^3 (Fig.6.6) decreases in intensity, which is 
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a clear indication of destruction of rings in which boron & oxygen 
atoms move in phase. Vibrational modes of an isolated BO^ 
tetrahedron are shown in Fig.6.11. BO^ tetrahedra vibrate 
independently from the rest of the network. Group theory (for Td 
point group) predicts that there will be only four bands in the 
vibrational spectra corresponding to the modes i-*. , t>^, v & 
^4 
The Raman spectra of cadmium borate glasses containing 0.50 
concentration of CdO at different temperatures are shown in 
Fig.6,9. The band located at 806 cm appears as a very weak band 
with diminished intensity at 400 C, indicating the destruction of 
boroxol rings in the network of glass. The other bands show a 
marked broadening effect with the rise of temperature. The cadmium 
borate glass system containing 0.80 concentration of CdO shows a 
peculiar behaviour at 400 C (Fig.6.10). The room temperature 
spectrum shows a strong band at 926 cm . The band has been 
-3 
assigned to the totally symmetric stretching of B-0 bond of B0„ 
21 
units in orthoborate groups (Section 6.2.1). In the 
concentration dependence study of this system (Section 6.2.1), it 
has been observed that the Cd ions act as network modifiers in the 
corap^ositional range 0.20<x:^0.70. At the concentration x=0.80, the 
Cd ions are coupled with the NBO's resulting in the linked 
polyhedron which rearranges the glass network. At this 
composition, the network consists of a large number of isolated 
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FIG. 6.9: Temperature dependence -Raman spectra of cadmium borate 
glass in the system xCdO.(l-x)B203 for x=0.50 
1700 1500 1300 1100 900 700 
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FIG. 6.10: Temperature dependence Raman spectra of cadmium borate 
glass in the system xCdO.(l-x)B20g for x=0.80. 
O-* 
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FIG. 6.11: Vibrational modes of an isolated BO. tetrahedron 
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orthoborate units (BO^"^) (as shown in Fig.6.5). The band located 
at 700 cm"''" indicates that some chain type metaborate units are 
also formed in this network. With the rise of temperature the band 
at 926 cm""^  (Fig. 6.10) shows an abrupt decrease in intensity at 
lOO^C. This band totally disappears at 400°C. Other bands such as 
the weak bands at 510, 623, 700, 1220 cm" also disappear at 
400*^0. These bands arise due to the presence of different groups 
containing NBO's. The disappearance of these bands with the rise 
of temperature indicates that the groups containing NBO's are very 
sensitive to temperature; even the small rise of temperature 
results in the destruction of these groups. 
6.2.5 EFFECT OF CATION MASS IN CADMIUM AND ZINC BORATE GLASSES 
The Raman spectra of zinc borate glasses in the system 
xZnO. (l-x)B203 for 0.20:£x<0.80 is shown in Fig.6.12 while the 
observed band positions are tabulated in Table 8.2. The spectra of 
cadmium and zinc borate glasses are quite similar 
(Figs.6.1&6.12).The number of fourfold coordinated borons in the 
netwbrk increases with increasing metallic oxide content in 
V-B2O2. The experimental evidence for such a process is the 
appearance of a Raman band around 776 cm" together with the 
decrease in the intensity of the 806 cm" Raman band. On comparing 
Figs.6.1 and 6.12, we find that the total disappearance of 806 
cm band is observed at 0,60 concentration of CdO in cadmium 
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1700 1500 1300 )^00'^00706^'^ 
RAMAN SHIFT (cm'^ 300 
FIG. 6.12: Raman spectra of cjne borate glasses in the system 
xZnO.(l-x)B^O„ for n.2G<x<0.80. 
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TABLE-G. 2: - Observed Raman bands in /:inc borate glasses in the 



























































































CHAPTER - VI 
borate glasses, while in the case of zinc borate glasses, this 
value is observed at 0.50 concentration of ZnO. This feature 
clearly indicates that the process of transformation of boron 
coordination is dependent on the mass of the cation. The lighter 
cation (Zn"*"*") favour the formation of tetrahedral groups, while 
Cd"^"*" being heavier than Zn"^ '^  does not break the B-0 network 
significantly and thus the process of formation of tetrahedral 
groups in cadmium borate glasses is slow in comparison to zinc 
borate glasses. 
The band located at 951 cm for x=0.50 in cadmium borate 
glasses splits into two bands located at 960 and 906 cm for 
x=0.60 concentration of CdO in v-B„Oo. In the case of zinc borate 
glasses, this band first appears at 945 cm (for x=0.20) and then 
increases in intensity with corresponding shift to higher 
wavenumbers (963 era" for x=0.60). At x=:0.70 concentration of ZnO, 
this band splits into two bands located at 954 and 896 cm" . With 
further increase of ZnO content, the band at 954 cm decreases in 
intensity while the 896 cm band increases in intensity. 
In cadmium borate glasses, the band around 960 cm~ has been 
assigned as due to diborate groups. The splitting of this band at 
x=0.60 is associated with the transformation of diborate groups 
into orthoborate groups (BO^^"). The splitting of 963 cm"-^  band 
into two bands located at 954 and 896 cm" in zinc borate glasses 
for x=0.70 concentration of ZnO indicates that the process of 
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transformation of diborate groups into orthoborate groups is slow 
in zinc borate glasses iri comparison to cadmium borate glasses. 
The disappearance of 682 cm" band (x=0.20) v?ith the 
formation of a new band at G30 cm" for x=0.70 concentration of 
CdO has been attributed to the transformation of pentaborate 
groups into ring type ntetaborate groups. The band at 686 cm 
(x=0.20) in zinc borate glasses disappears at still higher 
concentration, x=0.80, with the formation of a new band at 642 
cm . This feature indicates that the process of formation of ring 
type metaborate groups is slower in zinc borate glasses. 
The bands at 878 and 1239 cm arise at x=0.40 concentration 
of CdO in cadmium borate glasses. In case of zinc borate glasses 
these bands are observed at slightly different positions 884 and 
1246 cm for x=0.50 concentration of ZnO. These bands arise due 
to the presence of pyroborate groups. 
In summary, the process of transformation of boron atoms 
from three to fourfold coordination and the formation of 
non-bridging oxygens strongly depend on the mass of the cations. 
The presence of borate groups dontaining non-bringing oxygens such 
as ortho-, ring type meta-, pyroborate etc. at lower concentration 
of CdO in cadmium borate glasses in comparison to zinc borate 
glasses, indicates that heavier cations do not enter the network 
interstitially and thus enhances the formation of non-bridging 
oxygens. Zn being lighter favours the formation of tetrahedral 
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groupr.. 
The low frequency Raman spectra (12-300 cm ) for zinc 
borate glasses is shown in Fig.6.13. The position of the boson 
peak in these glasses does not shift with the increase of 
concentration of ZnO, similar to the cadmium borate glasses. It 
can thus be concluded that short correlation range and the 
velocity of the transverse acoustic waves will not change 
appreciably in these glasses. On comparing the low frequency Raman 
spectra of cadmium and zinc borate glasses (Figs.6.3 and 6,13), we 
find that in cadmium borate glasses, the boson peak remains at 47 
cm , while it is at 54 cm for zinc borate glasses. The shift of 
boson peak to lower wavenumber with the increase of the cation 
mass indicates that disorder is more pronounced for the lighter 
++ -1 
cation (Zn ). A peak located at 227 era has been observed in 
cadmium borate glasses for X--0.80 concentration of CdO which 
arises due to the formation of the quasi-molecular complex at this 
composition. The absence of such a feature in zinc borate glasses 
shows that Zn does not form quasi-molecular complex in the 
compositional range G.20:Sx<0.80 of ZnO in v-B20o-
6.3 CONCLUSIONS 
From the Raman study of c^ admium and zinc borate glasses in 
the system xM'0.(l-x)B203 (M'=Cd, Zn) for (0.20£x<0.80), the 















FIG. 6 . 1 3 : LoH f r e q u e n c y Rainto, s.;peol.,-a ol' 2 i n c Oor 
ate glasses in 
the system xZnO . < l-x)B^ O., for 0.20£xS0.80 
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[11-Addition of CdO to v-BgOg does not break the B-0 network 
significantly and preferably enhances the formation of 
non-bridging oxygens. At higher concentration (x=0.80) of cadmium 
oxide, the network is broken up into smaller isolated orthoborate 
units and Cd ions are coupled with the non-bridged oxygens to form 
linear polyhedron. 
t2J.Compositional dependence shows the progressive formation and 
then destruction of cyclic borate rings. 
131.A structural model has been proposed which can be correlated 
with the mobility of Cd ion and conclusions have been drawn 
regarding the conductivity of the cadmium borate glasses at 
different glass compositions. It has been deduced by this study 
that conductivity should show an increasing trend upto x=0.70 
concentration of CdO. Further addition is expected to reduce the 
conductivity of the glass samples. This decrease of conductivity 
at the higher concentration has been explained as due to the 
formation of quasi-complex which results in the local 
rearrangement of the network composing glass structure. 
141.The low frequency Boson peak does not show any change in its 
peak position in the compositional range 0.20::2x:S0.80. It has been 
conjectured, therefore, that the velocity of transverse acoustic 
V 
waves (v^) and the short correlation range in cadmium borate 
glasses will not change appreciably. 
151 With the increase of temperature of the glass samples above 
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the room temperature, the network of boroxol rings is broken into 
randomly connected B0„ and BO. tetrahedrals. At x=0.80 
concentration of CdO in v-B^O^, the cadmium ions takes part in the 
formation of linear polyhedron chain which is very sensitive to 
temperature and thus, the tot.al disappearance of the observed 
Raman bands has been observed in the region 300-1600 cm as the 
temperature is raised to 400 C. 
t61 The temperature dependence Raman studies of cadmium borate 
glasses indicate that the groups containing NBO's are very 
unstable and thus result in their destruction with the rise of 
temperature. 
17] Cation dependence study of cadmium and zinc borate glasses 
shows that mass of the cation plays an important role in 
determining the B-0 network. The formation rate of the fourfold 
coordinated atoms (N^) is found to be larger for lighter cation 
(Zn ) as compared to the heavier cation (Cd ), while the 
formation rate of non-bridging oxygens is found to be greater for 
heavier cation (Cd ). 
203 
ni iArTi ' :R - v i 
REFERENCES 
[ 1 ] . D . , W . S t r i c k l e r and R.Roy, J . Ma te r . S c i . 6 ( 1 9 8 1 ) 200 . 
[ 2 ] . V .N.Semin , L . P . P a n c h e n k o . V . T . M a l ' t s e v and E .M.Panchenko , 
Soviet J. Glass Phys. Chem. 15Ca) (1989) 93. 
[3]. J.Krogh-Moe, Phys. Chem. Glasses 6 (1986) 46. 
[4]. P.J.Bray, S.A.Feller, G.E.Jellison and Y.H.Yun, J. Non-Cryst. 
Solids 38-39 (1980) 98. 
[5]. P.J.Bray, A.E.Geissberger, F.Bucholtz and I.A.Harris, J. 
N o n - C r y s t . S o l i d s 52 ( 1 9 8 2 ) 4 5 . 
[ 6 ] . M.H.Rahman and B. H . Rhaima, ?h .D t h e f ^ i s , A l i g a r h Muslim 
University, Aligarh (1992). 
[7]. T.W.Brill, Thesis, Technological University of Eindhoven. The 
Netherlands (1975). 
[8]. E.I.Kamitsos, M.A.Karakassides and G.D.Chryssikos, J. Phys. 
Chem. 91 (1987) 1073. 
[9]. M.Tatsumisago, I.Sakono. T.Minami and M.Tanaka, J. Non-Cryst. 
S o l i d s 46 ( 1 9 8 1 ) 119. 
[ 1 0 ] . W . L . K o n i j n e n d i j k and J . M . S t e v e l s , J . N o n - C r y s t . S o l i d s 18 
(1975) 307. 
[11] .W.L.Konijneridijk, Philips Hes. Hep. Suppl. No.l (1975). 
[12].T.Furukawa and W.B.White, J. Mater. Sci. 15 (1980) 1648. 
[13].E.I.Kamitsos, M.A.Karakassides and G.D.Chryssikos, J. Phys. 
Chem. 90 (1986) 4528. 
[14].J.P.Bronswijk and E.Strijks, J. Non-Cryst. Solids 24 
2U4 
CHAPTER - VI 
(1977) 145. 
[15].G.E.Gurr, P.W.Montgomery, C.D.Knutson and B.T.Gorres, Acta 
Cryst. B26 (1970) 906. 
[16].W.Soppe, J.Kleerebezem and H.W.den Hartog, J. Non-Cryst. 
Solids 93 (1987) 142. 
[17].S.Guha and G. E. Walrafen, J. Chem. Pliys. 80 (1984) 3307. 
[18].A.J.Martin and W.Brenig, Phys. Status Solidi (b) 64 (1974) 
163. 
[19]-B.P.Dwivedi. M.H.Rahman, Y.Kumar and B.N.Khanna, J. Phys. 
Chem. Solids 54 (1992) 621. 
[20].R.N.Sinclair, J.A.Desa, G.Etherington and A.C.Wright, J. 
Non-Cryst. Solids 42 (1980) 107. 
[21].B.P .Dwivedi and B.N.Khanna , Spectrochimica Acta A (to be 
j^ublished). 
[22] M.H.Rahman, B.P.Dwivedi, Y.Kumar and B.N.Khanna, Praman J. 
Phys. 39(6) (1992) 597. 
[23] B.P.Dwivedi, M.H.Rahman, Y.Kumar and B.N.Khanna, J. Phys. 
Chem. Solids 54(5) (1993) 621. 
[24] F.L.Galeener, G.Lucovsky and J.C.Mikkelsen, J. Non-Cryst. 
Solids 105 (1988) 251. 
[25] M.A.Kanehisa and R.J.Elliott, Mater. Sci. Engin. B3 (1989) 
163. 
[26] G.E.Walrafen, M. S.Hokmabadi, P.N.Krishnan and S.Guha, J. 
Chem. Phys. 79(8) (1983) 3609. 
205 
CHAPTER - VI 
[27] E.I.Kamitsos, M.H.Karakassides and G.D.Chryssikos, J. Phys. 
Chem. 91 ( 1 9 8 7 ) 1073 
[28 ] J . D e e p e , M . B a l k a n s k i and [ L F . W a l l i s , P h y s . Rev. B41 ( 1 9 9 0 ) 
7767. 
[29] J.Krogh-Moe, Phys. Chem. Glasses 6 (1965) 46. 
2U6 
CHAPTER - VII 
7. CONCENTRATION DEPENDENCE OF RAMAN SCATTERING IN BINARY AND 
TERNARY SILVER BORATE GLASSES 
7.1 INTRODUCTION 
Studies of inorganic glasses with high ionic conductivity 
have attracted much interest due to their advantageous 
characteristics, for energy conversion and storage applications, 
compared with the crystalline conductive solids . Interest in 
structural studies of borate glasses has been renewed recently in 
connection with the discovery of certain glass compositions that 
exhibit exceptionally high ionic conductivity. Such glass systems 
are good candidates for energy storage and are referred to as fast 
ionic conducting glasses. Fast ionic conducting glasses are 
usually ternary systems of composition xM„0.yM X.B^Oo, where M is 
/ n CO 
2 
Li, Na, or Ag and X can be a halogen, S, SO^ etc. 
Investigations on this subject have demonstrated that 
important advantages are obtained with the utilisation of glassy 
materials as solid electrolytes. So, the binary borate glasses 
BpOg.xMO are used as vitreous matrices for the realization of 
ionic conductors such as B„0„ .xLi„0 .yLiCl or B.,0„ . xLi^O .yLi„SO . . 
These studies proved useful in understanding the role of halogens, 
S, SO. etc. in such systems. A thorough understanding of the 
simpler B^Og.xMpO glass system will help in understanding the 
structure of complicated ternary fast ion conducting compositions. 
It is well known that the introduction of alkali oxide into 
CHAPTER - VII 
the borate glass produces the tetrahedral BO, unit having bridging 
oxygens in the glass structure only for low alkali oxide 
3-5 
contents . The structure (>\! alkali borate glasseo with low 
R —fl 
alkali contents was investigated by Krogh-Moe and 
g 
Konijnendijk . On the other hand, in the compositional range of 
high alkali oxide contents, the formation of non-bridging oxygens 
was suggested from the experimental results of ESR and the optical 
absorption of Cu in sodium borate glasses and the Mossbauer 
3+ 11 
spectra of Fe in potassium borate glasses . In many alkali 
borate glasses, for example, the "boric oxide anomaly" was 
12 13 
observed ' . However, detailed studies of glass structure have 
mainly been made on sodium borate glasses with low Na^O contents. 
Recently, a growing interest ' was devoted to borate 
glasses with Ag as a network modifying ion (NMI), following the 
technological applications of these materials especially as a 
basis for the preparation of fast ionic conductors ' . It is 
quite interesting to understand what happens in the random network 
of borate glasses when Ag^O is introduced into it. To explore this 
17 18 15 19 
problem; X-ray diffraction , conductivity measurement , NMR 
20 
and ultrasonic attenuation experiments etc. are some of the 
techniques that are widely used. 
One of the most interesting problem concerning the structure 
of glasses is the degree of coherence in the glassy oxide network, 
such as SiOp, B^0„ etc. when network modifying ions (NMI) are 
introduced by the addition of alkali or silver oxides. The 
203 
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coherence degree takes into account the connectivity between the 
structural units that constitute the glassy network and it varies 
substantially with the concentration of the modifier cations. In 
particular for the silver borate glasses xAg20.(l-x)B202, 
14 21 
extensive experimental evidences from I.R. , NMR , ultrasonic 
22 
experiments , permitted the following structural model. At low 
concentration of Ag^O (x<0.25), the trigonal coordination of the 
boron is partially changed into tetrahedral, giving rise to the 
formation of BO, groups leading to an increase of the network 
coherence; all the oxygens bridge between two borons. At higher 
concentrations of Ag^O (x^O.25), the relative number of 
tetrahedrally coordinated boron ions tends to decrease and 
coherence breakdown commences with the formation of non-bridging 
oxygens (NBO's). 
7,2 RESULTS AND DISCUSSION 
7. a, U RAMAN SCATTERING IN BINARY SILVER BORATE GLASSES: 
The Raman spectra of binary silver borate glass in the 
system xAg^O.(l-x)BpOo at room temperature for various values of x 
(0.10<x^0.40) in the region 50-1000 cm"-^  is shown in Fig.7.1. In 
this region besides the weak bands around 460 and 650 cm , the 
two intense polarized bands centered at 770 and 806 cm" are 
observed. 
The structure of v-BpOo is a random three dimensional 




RAMAN SHIFT (CM ) 
FIG.7.1i Raman spectra of silver borate glasses in the system 
xAg^O•(l-x)B„Oo7 for various values of x. 
(a) 0.10; (b) 0.15; (c) 0.20; (d) 0.30 and (e) 0.40. 
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23 
six membered boroxol rings . The Raman spectrum of v-B^O^ has 
only one very strong polarized band at about 806 cm . This band 
has been attributed to the symmetric breathing motion of boroxol 
24 25 
rings on the basis of isotopic exchange experiments ' 
The addition of Ag„0 in the borate glasses promotes the 
breakdown of boroxol rings with the formation of B0> tetrahedral 
units. The experimental evidence for such a process is the 
appearance of a Raman band at 770 cm together with a decrease in 
the intensity of the band at 806 cm~ . The increase in the 
intensity of the 770 cm" Raman band with concentration of Ag^O 
confirms the network modifying nature of the Ag„0. The 
deconvolution of the 770 and 806 cm bands for the system 
0.20Ag^O.(0.80)B„0„ is shown in Fig.7.2, while Raman bands for the 
binary silver borate glasses are shown in Table-7.1. NMR^ results 
have shown that for a given value of x in the range (0 <x < 0.50) 
the proportion of BO^ ^ groups is the same in all alkali borate 
glasses. In fact these BO. groups are incorporated in more complex 
cyclic edifices such as diborate, triborate or tetraborate 
2 7 28 
groups ' . All of them are characterized by a Raman band around 
760-780 cm and are assigned to the breathing vibration of six 
membered boroxol rings containing both BOg and BO. tetrahedra. The 
intensity of this band increases with x at the cost of 806 cm 
_ i 
Intensity ratio of the 770 and 806 cm bands with concentration 
is shown in Fig.(7.3). For binary silver borate glasses, the 806 
-1 
cm band disappears at x = 0.25 concentration. This is 
211 
FIG.7.2: The deconvolution of the 770 and 800 cm" 
system 0.20Ag^O.0.SOB^Oo. 






0-06" 0-10 015 0-20 
X »• 
FIG. 7.3: Intensity ratio of 770 and 806 om ^ Raman band with 
concentration of silver oxide. 
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TABLE-7.1: Observed Raman bands of xhgJD.(l-x)B^O^; where 
( 0 . 1 0 < x < 0 . 4 0 ) . 
RAMAN BANDS (cm ) 





























TABLE-7.2: Values of peak posi t ion r , , cut-off r a d i i r and 
peak c 
coordination number N from rdf's. In brackets are the 
c 
values of 8^0^ glass. 
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interpreted by the formation of BO. groups. The planar six 
membered rings with one BO. tetrahedra (ie. tri, tetra or 
pentaborate groups) scatter at about 780 cm and that containing 
two BO. tetrahedra (ie. ditrj- or dipentaborate groups) scatter at 
about 760 cm and the existence of both types of ring causes the 
-1 29 
appearance of the band contour in the 760-780 cm region , The 
diborate groups with two BO.'s per ring, are not expected to 
scatter at about 760 cm" because of high distortion of these 
rings. The frequency of the 770 cm band as a function of 
concentration is shown in Fig.7.4, The variation of the full width 
at half maximum (FWHM) of the 770 and 806 cm"''" bands with Ag^O is 
shown in Fig.7,5. 
With increasing Ag^O content, the weak band at 678 cm 
increases in intensity and shifts towards lower wavenumber (652 
cm ) at x=0.40 (as shown in Table-7.1). This band is assigned to 
30 the ring type metaborate vibration . The assignment of the band 
at 450 cm has been ambiguous.For pure B^0„, a weak band at 460 
— 1 8 
cm is assigned to the ring bending mode of the boroxol rings . 
For alkali borate glasses, this band is observed at higher 
30 -1 
wavenuKibers . For o\ir system, the band around 460 cm may 
probably be assigned to the bending mode of a free BO^ unit or 
one that is attached very weakly to a ring type structure. 
It is more or less an established fact that the trigonal 
coordination of boron in the boron oxide is partially changed into 
a tetrahedral one by the addition of an alkali oxide or silver 
215 
(X5 0-20 0-25 030 035 0-40 
X ^ 
FIG. 7.4: Frequency of the 770 cm ^ band as a function of 
concentration. 
o 806 CM, 
* 772 CM 
0 0-05 010 ai? 020 
X — 
0-25 030 035 040 
FIG. 7.5: Full width at half maximum of the 770 and 806 cm"^ band 
with concentration. 
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7 31 
oxide in an appropriate quantity ' (lower then 0.50 molar 
fraction). The oxygen introduced by the metallic oxide transforms 
the planar triangular unitu B0„ (typical of B„0„) .into L«}Lrahodrul 
groups BO, (two groups for each added oxygen). The results of this 
change would increase the coherence and consequently the related 
22 32 
stiffness of the glassy network as observed experimentally ' 
It appears from the Kaman scattering study of 
xAg^O.(l-x)B^Oo system that pure B„0„ is built up mainly from a 
random network of six membered boroxol rings. The addition of 
Ag^O causes a progressive change of the boron atom coordination 
number from three to four and results in the formation of various 
cyclic units that contain both three and four coordinated boron 
atoms, and whose relative concentration depends on the Ag„0 
content. 
The molecular dynamics (MD) study on the binary silver 
borate glasses seems to confirm this hypothesis and indicates a 
localization of nilver ions in the interstices of the network, 
near the oxygen. The radial distribution functions of the various 
ion pairs are presented in Fig.7.6 and values of the peak position 
r ., cut-off radii r and the coordination number N from rdf's 
is given in Table-7.2. In brackets are the corresponding values 
for B^Og glass. 
The rdf's of the pairs B-0, B-B show well defined peaks 
within the second neighbours (the values of the ordinate in 









FIG. 7. 6: Radial distribution functions of 0.lOAggO-0-SOBgOg glass 
(a) rdf's for the network forming ions; 
(b) rdf's for the network modifyimg ions. 
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owing to the structural disorder typical of a glass, and this 
clearly identifies the boron as a network-forming ion. The 
addition of silver oxide causes an increase of the boron 
coordination number (N ) with the oxygen (Table-7.2) that 
indicates a gradual change of the boron coordination number from 
three to four, revealing the change of some planar units BO^ to 
BO. groups. 
The calculated fraction N.=x/(l-x) of the fourfold 
coordinated boron as a function of the Ag^O content is shown as 
solid curve in Fig.7.7. We insert in the same figure the data 
derived from NMR measurements and the N.=x/(l-x) curve which 
4 determines the behaviour corresponding to the formation of two BO 
groups for each added oxygen by the silver oxide. An area method 
was used to determine N. from NMR spectrum, this method involves 
the use of a signal averager to record and integrate the NMR 
derivative spectra to obtain the absorption curves for the 
resonances. The calculated fraction 
N^^A^/CAg+A^) 
where A. is the area due to the response from 4-coordinated 
borons; A„ is the area due to the response from 3-coordinated 
boroiiD. Internal friction and Mouiid velocity'' expor i men ta 1 
evidences show that the formation rate of BO. units and the 
connected network coherence of silver borate glasses decrease for 
the silver oxide concentration higher than 0.25 in the v-B„0„. It 
was inferred that the silver oxide, which assists at lower 
220 
FIG. 7.7: The calculated fraction N, x/(l-x) of fourfold 
coordinated boron as a function of Ag^O content. 
• MD data. (• ) NMR data 
The continuous line indicate the N.=x/(l-x) behaviour, x 
being the concentration of Ag^O. 
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concentration the formation of BO. groups, results in the 
placement of oxygens in sites which do not bridge various 
structural units (BO,^  or BO.) at higher concentrations x5:0.25. It 
is evident from MD calculations that the NBO number stays very 
small upto 0.25 concentration and at higher concentrations, it 
increases sharply. The addition of Ag^O beyond the 0.25 
concentration assists the formation of non-bridging oxygens, 
reducing the formation rate of BO. units, typical at the lower 
concentration. The obvious result is a decrease of the glassy 
network coherence and a softening of the structure. 
21 The NMR results deviate more strongly than that arising 
from the x/(l-x) dependence, but the same author suggests as an 
explanation the possibility of the inhomogeneity in the glass. 
This inhomogeneity would result from the formation of the 
colloidal silver which does not enter the formation of the glass 
and, as a consequence, is not available to the conversion of BO^ 
units into BO. groups; this situation seems to follow Abe's 
suggestion, which attributes the NBO's only to the BO^ units. An 
33 
accurate search for the NBO location in the silver borate 
glasses for x=0.33 and 0.50 reveals that 70% of the present BO^ 
groups have one non-bridging oxygen. 
Finally in relation to the linkage between the BO^ and BO. 
groups to form more composite structure, the following remarks are 
inferred on the basis of different experimental evidences: 
(1) From the X-ray diffraction analysis of boron oxide, Mo2zi and 
222 
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17 Warren proposed the existence of planar rings B„0„, the boroxol 
groups involving three BOo units. Moreover, Raman spectroscopy 
34 
study in B^0„ by Galeener et.al suggests a structural model that 
implies the presence of a large number of boroxol rings in the 
network. 
21 
(2) KMR studies of silver borate glasses led to the conclusion 
that the boroxol rings are engaged in more complex units such as 
the pentaborate and triborate arrangements, for the silver oxide 
content lower than 0.20 concentration of Ag„0 in v-B„Oo. 
14 
(3) IR investigation of binary silver borate glasses in the 
(0<x<0.77) 
[Fig.7.8] show clearly the disappearance of boroxol rings and the 
formation, in the first step, of tetraborate groups and later 
system xAg^O.(l-x)BpOo for various values of x 
of diborate groups as the oxide content increases. For higher Ag„0 
content, borate groups with non-bridging oxygen atoms are formed. 
The assignments of IR bands have been given in Table 7.3. The 
14 
modifying effect of the silver has been described by the 
equations: 
.0-
- 0 — B 
•^0-






Ag"^  + Ag"^  
Cfor Low Ag O) 
^ B — 0 — B : 
-0-" "-0-
+ Ag„0 > 2 + Ag 0---B; 
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•0-




WAVE NUMBER (CM ) 
FIG.7.8: Infrared spectra of silver borate glasses in the system 
xAg^O.(l-x)B„0^ for various values of x. 
CHAPTER - VII 
TABLE-7.3: Assignments of tranmittance bands for binary silver 
borate glasses in the system xAg^O.(l-x)B^O„. 








Bond bending vibration of B-O-B 
bridges of the B-0 network 
B-0 bond stretching of BO. units 
B-0 bond stretching of tetrahedral 
units in diborate groups 
B~0 bond stretching of B0„ units 
B-0 bond stretching of B0„ units 
with NBC's 
B-0 bond stretching vibration in 
B0„ units 
. Asymmetric >B-0 stretching of 
4-BpOc- units in pyroborate groups 
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These results are also in good agreement with the variation 
of glass transition temperature (T ) and density, with x as 
33 
reported by Button et.al. . Effectively, the model proposed for 
14 the boron-oxygen network can describe these effects 
satisfactorily. In the first step, the formation of BO. groups in 
tetraborate units and diborate units gives an increase in linkage 
of the network which produces the increase observed in the glass 
transition temperature and density. In the second step, with 
further increase of silver oxide content, the diborate units are 
destroyed to form B0„ triangles with non-bridging oxygen atoms. 
This corresponds to a decrease in the linkage of the network which 
causes a decrease in the above two parameters. 
It appears from the Raman scattering study of 
xAg^O.(1-X)BTO„ system that pure B^O^ is built up from a random 
network of six membered boroxol rings. The addition of Ag^O 
caused a progressive change of the boron atom coordination number 
from three to four and results in the formation of various cyclic 
units that contain both three and four coordinated boron atoms, 
and whose relative concentration depends on the Ag„0 contents. 
7.2.2 RAMAN SCATTERING IN TERNARY GLASS SYSTEM: 
Borate glass containing jfvarious amounts of silver halides 
have been widely studied for their electrical properties and 
structure because of their high Ag ionic conductivity and the 
potential usage of these glasses as solid electrolytes in 
batteries and other electrochemical devices . However, the 
226 
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structural role of the halogens as anions in the borate glass has 
not yet been explained satisfactorily. IR and UV investigations on 
borate glasses containing alkali and alkaline-earth fluorides 
- 39 
suggested that F ion is covalently bonded to boron atoms 
40 Nishida et.al. suggested on the basis of Mossbauer and ESR 
studies that the role of the halogens is dependent on the alkali 
Of? 
content of the glass. Geissberger et. al. proposed from the NMR 
study that halogen anions in the borate glass are present in the 
interstitial sites among the glass network structure as free ions. 
Raman spectra for the glasses 0.20Ag„0.0.80B^0„ and 
0.20AgC1.0.80(0.20Ag20.0.80B202) are shown in Fig.7.9 and the 
observed band positions are tabulated in Table 7.4. The various 
possibilities regarding changes in the structure of the binary 
silver borate glass network on the addition of AgCl are given as: 
(1) AgCl does not react with the borate glass network and no 
change in the network occurs. The relative amount of 4-coordinated 
boron N. is determined by the ratio Ag„0/B„0„. 
(2) CI changes the coordination number of boron atom from 3 to 4 
and is bonded to the 3-coordinated boron and a certain amount of 
oxygen in the BOg unit is expelled out by Cl", resulting in B02C1~ 
units. The oxygen will be consumed in the formation of additional 
BO. units. 
The second ssi^^^S^S processes bring the increase in the 
4-coordinated B upon the addition of AgCl and N. is determined by 
the ratio k^^(,^\(Z\^^/%^^^. 
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FIG. 7.9: Raman spectrum of binary and ternary silver borate glass 
in the system: 
(a)0.20Ag20.0.80B20g ; (b)0.20AgCl.0.80(0.20Ag20.0.8OB2O3 
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Soppe et.al. concluded from the Raman study of lithium 
borate glasses doped with LiCl that the addition of LiCl does not 
produce any major modification in the vitreous boron-oxygen 
network. The addition of LiCl molecules in glasses with low Lio^ 
concentration leads to an increase of the density and the glass 
4142 transition temperature ' . On the basis of this fact Soppe 
et.al. concluded that the large CI ions are accomodated in the 
relatively open structure. Because of the negative charge of the 
CI ion, these are located at large distances from the BO. charge 
groups. The CI ions therefore do not produce strong interactions 
with the vibrations of the glass network. At higher Li^O contents, 
the number of BO. groups increases and the structure is not as 
open as the structure of pure v-B^O^. As a result, it is more 
difficult to accomodate CI ions in this structure. Thus 
introduction of CI ions leads to an expansion of the glass 
structure and a corresponding decrease of the density and the 
glass transition temperature. 
The roje of AgCl in the binary silver borate glass system 
can be understood by a study of the change in its Raman spectra. 
The main observations in the present investigation are the growth 
of new bands at 589, 730, 887, 925 and 940 cm""^  upon adding the 
AgCl in the binary silver borate glass matrix. At the same time a 
change in the intensity of the 770 and 802 cm"-^  bands is also 
observed. It is widely accepted that the band around 806 cm" 
arises due to the ring breathing vibration of the boroxol ring in 
t 
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which only oxygen atoms are involved in vibration rather than 
boron atoms. The band around 770 cm arises due to the same type 
of vibration but in which boroxol ring involving one or two BO. 
tetrahedra exist. The decrease in the intensity of the bands 
around 770 and 802 cm , together with the formation of some new 
bands which were not present in binary silver borate glass system, 
clearly indicates the glass modifying behaviour of AgCl. 
In the case of binary silver borate glasses, two weak and 
broad bands located at 456 and 670 cm (for x=0.20) has been 
observed. The addition of AgCl in this glass matrix results in the 
increase in intensity and narrowing of these bands together with 
slight shift in the position of 456 cm band. These bands are now 
placed at 445 and 670 cm . In binary silver borate glasses the 
band around 456 cm has been assigned as arising due to the 
bending mode of vibration of free BO. unit or one that is attached 
very vjeakly to a ring type structure . The increase in intensity 
of this band upon the addition of AgCl indicates that AgCl takes 
part in the destruction of borate rings containing one or two BO. 
tetrahedra, resulting in the formation of a large number of free. 
BO. units. The decrease in intensity of the bands at 770 and 802 
cm upon addition of AgCl also confirms the above result. The 
weak band around 670 cm has been assigned to a ring type 
metaborate . 
An interesting result on the typical borate groups forming 
the glass network is deduced from the analysis of bands in the 
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region 850-950 cm . By comparison with the spectra of 
polycrystalline componds, it is possible to attribute the band at 
940 cm" to the B-0 stretching in BO. units grouped to form 
Q _ 1 
polycrystalline diborate . The band at 887 cm correspond to the 
same bond vibration in tetraborate polycrystals . The weak band 
-1 
located at 925 cm confirms the presence of orthoborate groups at 
this glass composition. This band has been assigned to the B-0 
43 bond stretching vibration in B0„ units 
A new feature located at 730 cm arises upon addition of 
AgCl in binary silver borate glass. The Raman spectrum of 
-144 
crystalline B^O., shows a band at 720 cm . According to Gurr 
45 
et. al. the network of crystalline B„0„ consists of chains of 2 3 
B0„ triangles and does not contain boroxol rings. The same type of 
chain has been observed in crystalline Li„O.BpOo. Thus it can be 
concluded that 730 cm band in ternary silver borate glass system 
is attributed to a vibration of the chain type metaborate groups. 
The sharp and strong bands at 265 and 157 cm" are probably cation 
motion bands at high and low potential energy sites respectively. 
This assignment actually needs further investigation of ternary 
glass system over a wide compositional range. 
Thus from the Raman scattering study of binary silver borate 
glass system doped with silver chloride, we may conclude that 
addition of silver chloride results in the destruction of borate 
rings containing one or two BO. tetrahedra, together with the 
formation of small, highly charged units such as free BO^, BOg" 
232 
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etc. The presence of silver ions in adjacent to the anionic sites 
has also been confirmed from the two Raman bands at 265 and 157 
. Chemically, one may expect that the silver ions (Ag ) are 
place adjacent to the BO." and B0-^ ~ units to provide local charge 
neutrality. Addition of silver chloride results in the formation 
of large number of free highly charged anionic sites and thus the 
possibility of accomodating silver ions (from AgCl) in adjacent to 
this anionic sites is quite likely. It has been reported that the 
addition of silver halide results in a sharp increase of ionic 
conductivity. Thus we may also .expect the possibility of large 
number of free silver ions in the network. 
On the basis of this mechanism, a structural model for the 
ternary silver borate glass in the present system is proposed in 
Fig.7.10. Non-bridging oxygens are present in B0„ groups only. 
o 
+ + 
Three types of Ag ions are illustrated; the first one Ag ions 
bonded with non-bridging oxygen with strong partial covalency, the 
second one Ag ions surrounded with CI ions, and the third one 
Ag ions interacting with BO. groups. 
The fact that not all the Ag ions contribute to the 
conduction suggests that the first type of Ag ions takes part 
very slightly in the ionic conduction. The second and third type 
of Ag ions contribute mucli to the increase in ionic conductivity. 
7.3 CONCLUSION 
From the Raman investigation of binary and ternary silver 
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FIG. 7.10: A proposed model for the glass structure in the system 
0 . 20AgCl .0.80(0. 20Ag„0 . 0 . SOB^O.^ . 
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borate glasses, the following points have been deduced: 
(l)The addition of silver oxide in B^0„ increases the coherence 
degree of the network upto 0.25 concentration, modifying the 
trigonal coordination of the boron atoms with the oxygen to 
tetraborate. The formation rate of the tetrahedral groups follows 
the x/(l-x) law, x being the concentration of silver oxide. 
(2)The addition of Ag„0 beyond the 0.25 concentration assists the 
formation of non-bridging oxygen (NBO), reducing the formation 
rate of BO. units, typical at the lower concentration. The obvious 
result is a decrease of the glassy network coherence. 
(3)Addition of AgCl results in the destruction of boroxol rings 
containing one or two BO. tetrahedra, together with the formation 
of small, highly charged units such as free BO., B0„ etc. 
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8. FUTURE PROSPECTS 
+ 
In view of the large Uiffucjion coefficients of Li in 
amorphous materials and its potentiality as an efficient cathode 
material for the developement of rechargeable secondary batteries 
using amorphous materials, it is proposed to undertake an 
extensive investigation on tlie lithium ternary borate glass 
systems, xLi^O.yLiX.B„0o, where X can be any halogen and oxygen of 
LipO could be replaced by sulphide or sulphate. The role of the 
halogen (X) in the conduction mechanism of the fast-ion conductors 
through Raman studies on these systems would have to be explored. 
It is explicitly not known whether it is the Li arising out of 
Li20 or of LiX which plays the role of mobile lithium ion. Perhaps 
it may be necessary to prepare system^s having mixed alkali cations 
along with their isotopic substitutions under controlled 
conditions that may bring out some conclusive evidence in this 
connection. The effects of the concentration of Li^O and/or LiX in 
the Raman spectra would be investigated at different temperatures. 
In order to understand the influence of the size (radius), mass 
and electronegativity of the modifiers along with the nature of 
their bonds on the Raman spectra of the binary and ternary borate 
glasses, it would be necessary to extend these investigations 
involving Na , K"*", Rb and Cs"*" cations. 
The Ag ion conducting glasses are mostly expressed as 
Agl-Ag„0-M 0 where M O is a given network former for H being 
^ III II fli n 
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any of the elements, i.e. B, Si, Ge etc. In some cases the 
replacement of I and/or 0 with -another halogen or oxygen group 
elements can produce the new family of glasses. Such a wide 
variety of glass compositions can be used effectively in studying 
the structure and conduction mechanism in these glasses. There are 
two controversial topics, which are inter related and have been 
actively investigated. The first one is the problem on structure 
specially on the environment of the Ag ions. Are there really two 
or more types of the coordination around Art ions snrro\inded by 
oxide and/or by halogen ions? The second one is the problem on 
+ 
conduction mechanism. Are there really two types of Ag ions, 
mobile as well as immobile?. Some of the points raised in the 
above experiment needs to be confirmed by Raman measurements on 
ternary systems of composition xM.,0. yM^X.B.,0^, where M is Li, Na 
-n 
^ n 2 3 
or Ag and X " can be a halogen, sulphide or sulphate anion. It is 
proposed to extend these investigations for systems involving 
different values of x and y using AgCl or Ag^SO. to enable us in 
identifying the locations at which Ag ions go into the network 
and explore particularly the possibility of the sulphate ions 
going into the glass structure interstitially. The ratio of Ag"*" 
mobile ions and immobile Ag ions could be obtained if Raman 
measurements are carried out as a function of temperature right 
upto the glass transition temperature (T ). The roles of AgX and 
g 
Ag20 for the expected enhanced conductivity at higher temperature 
in these glass sytems would be ascertained particularly at the 
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higher concentration of AgX uncl/or ^f^-p with respect to 620^ 
network. 
If a paramagnetic ion is introduced into say an 
alkali-borate glass, the positions and relative intensities of the 
resulting Raman spectra should reflect the relative numbers of BO^ 
triangles and BO. tetrahedra, and alkali network modifiers 
cations. It is well known that conversion from octahedral to 
tetrahedral coordination occurs with increasing basicity in the 
borate glasses. This feature is governed primarily by the effects 
of the change in the chemical composition and secondly by the 
changes in the glass transition temperature (T ), which usually 
accompanies such a process. So long as the temperature remains 
below T , the spectrum shows only vibrational excitations effects, 
g 
It will be interesting to monitor structural changes that may 
follow, when the temperature of the glass is increased. 
It would be interesting to explore the effects of the high 
concentrations of Fe, Co and Ni oxides in the mixed alkali and 
alkaline-earth borate glasses. The Raman studies of these binary 
and ternary systems at different compositions and temperatures are 
likely to identify the specific compositions at which these 
transition metal ions dissolve in the network either as a 
quasi-molecular complex or as a molecular entity. The enhanced 
conductivity expected to be observed at higher temperatures in 
some of the borate glasses doped with singly and doubly ionized 
transition metal ions could then be correlated with the pattern in 
241 
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which the transition metal ions are dissolved in the network. The 
possibility of the formation of clusters of ions interstitially at 
higher concentrations and temperatures could also then be 
explored. 
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